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I. INTRODUCTION. 


_ he head and mouth-parts of Diptera offer a rich field for 


= 
uJ 


research. A number of excellent studies have been made by several 
i 


cers have examined only one or a very few species. Meinert 


1) and Hansen (1883), however, studied a number of forms but 


ler (1882) is the only investigator who has studied a large 


es of generalized and specialized species. A special effort 


les as possible since it is highly desirable and essential 
ianelcgizing structures to have at hand a wide range of 

cies. 

ixtensive studies have Roe been made, so far as known, on the 
-capsule; consequently the important relationship which « 
sts between the mouth-parts and the head-capsule in general- 
od insects has not been observed in Diptera. This relationship 
meeeas Slgnificant in ascertaining the correct interpretation] 
of the mouth-parts of Diptera as it is in other orders. The in- 
Ptarice of this relationship is illustrated by a study of the 
ad and mouth-parts of the Thysanoptera, Peterson(1915). The 
above @eficiencies in the various investigations, so far as they 
relate to the number of forms studied and the homologizing of 
parts, justifies a more careful study of the head-capsule and 

" mouth-parts of Diptera. 


A review of the literature, Dimmock ( 1881) or Hansen (1883), 


A 
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he 


- discloses the many and varied interpretations that have been 
icon to the mouth-parts of Diptera. To ascertain the corréct 
4 interpretation of the fixed and movable parts of the head, the 
| head=capsule and mouth-parts of all the species studied, irrespecy 
Eitive of their established systematic position, have been care- 


fully compared with the head and mouth-parts of generalized in- 


7 


at ‘ 
sects. On the basis of this comparison, generalized, hypothet- 


6 _ Bs 4 
| aical types have been formulated for each fixed and movable part. 
415 
) Each hypothetical type is an accumulation of all the generalized 


-Gharacters found among the Diptera and should show an inter- 


7, 


| mediate stage between generalized insects and Diptera. The use 
Doe Such an hypothetical type is a great aid in showing not only 
D aiow the dipterous type has been developed but also of great 

_ value in determining the homology of the parts. 

; The scope of this investigation makes it necessary to limit 
hehe discussions to the general subject of homology. Many details 
bot Sstrusture and other interesting modifications j;shown in the 

- figures, which have no direct bearing on the subject of homology, 
| have had to be ommitted. The fixed and various movable parts of 
g the head have been discussed separately and developed from hypo- 
a thetical types; the discussion in every case proceeding from 

| the generalized to the specialized. 


YAII the general conclusions pertaining to the head and mouth- | 


Parts presented in the following pages are based entirely ona 


|, 
5 


study of the forms listed undernmaterials unless otherwiseéestated. 
General statements in respect to the mouth-parts are true only 
for species having them well developed. 


The names here adopted for the sclerites of the head and 


Ent tdementhcnedieunienaiedthiaatlh 


me 
mouth-parts have been made to agree, so far as possible, with 


as terms now in common use for the same parts in generalized 
a The terms in most common use thruout the literature for 
Beteructures peculiar to this order have been adopted unless they 
are Otherwise unsuitable. New terms have been applied only to 


Sememeuructures described here for the first time and to the parts 


| where the names now in use are inappropriate. 


oy II. METHODS. 

os The greater. part of this study was made from dried specimens 
Bo tat had been soaked from two to twenty-four hours in a ten per 
cent ‘solution of potassium hydroxide. The sclerites of weakly 

‘chitinized forms show more clearly when they have been soaked 

' for only a short time. After soaking, the heads were washed in 
_ distilled water to remove the potassium hydroxide and then pre- 
served in seventy per cent. alcohol. 

All dissections were made under a binocular microscope in 
Seventy per cent. alcohol in deep watch glasses or in carbol- 
aniline oil. Studies and figures were largely made from the dis- 
sected parts in alcohol. Cleared preparations mounted in balsam 
} were also found useful. In making such preparations the parts 

were dissected, stained and cleared in carbol-aniline oil. This 
0il evaporates slowly, will readily mix with safranin or orange 
G dissolved in ninety-five per cent. alcohol, and will clear 
from any grade of alcohol above fifty per cent. The staining 
of material before mounting with safranin proved to be very use- 
ful in differentiating the almost colorless parts of some species 


When using aniline-oil it is necessary to remove as much as ii 
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possible of the oil before mounting , otherwise the balsam will 


eventually darken. 

The material for sections was fixed with hot ¢ 80 C.) corro- 
Sive sublimate ( saturated corrosive sublimate in 35 per cent, 
alcohol plus 2 per cent, of glacial acetic acid ) for fifteen 
minutes to two neUne4 which was replaced by 70 per cent alcohol 
containing a few drops of iodine,and allowed to remain in this 
for Merty-four or more hours. Paraffin having a melting point 
Ort 62-64 C. gave a sufficiently firm medium in which to cut 
sections as thin as eight microns. Specimens stained in toto 
gave the best results, Delafield’ haematoxylin requiring from 


24-48 hours and borax carmine 3-7 days 
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IV. MATERIALS. 
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The following list of Diptera includes all of the identified 
forms studied. The families,to which these species belong,care 
|} arranged according to Aldrich's Catalogue of North American Dip- 
tera. The generic and specific names of all but a few species 
may likewise be found in Aldrich's catalogue. 

Aldrich listd sikty Families; of these, one or more repre- 
Sentatives have been studied of fifty-three families. The follow- 
ing en are not represented, ofneph#lidae, Acanthomeridae, 
Nemestrinidae, Apioceridae, Borceeeieece, phebieaantdad and Nyc- 
terbiidee. The male and female of each species figured have been 
Observed except in a few sases. Species with the terms male or 
female after them indicates that this sex only has been seen. 
Both the male and female parts have been drawn when they were 
Gecidedly different. Where the two sexes are similar the figures 
were mostly made from the female. An asterisk before the name of 
a species indicates that this form has been embedded, sectioned 


ana Studied. The numbers following the various species refer to 


the drawings made of the same. 


Suborder-Proboscid@ae. 

| Orthorhapha- Nemocera. 

| wepeneaae.-=Tipula bicornis, Fig. 18, 95, 178, 277, 38354, 388 
ie and 503., Tipula cinctans, Tipula abdominalis, Limnobia imma- 
turturagiehale, ‘Figs 995558863. and°507,:Helobia punctipennis, ife- 
| male, Fig. 385, Trichocera bimacula, male, Fig. 16, 78, 158, 
| 2004 260, 311, 365, 499 and 500, Geranomyia canadensis, male, 


Fig. 382 and 506. Ptchoptera Ppurecincta, Fig. 15, Biltacomer- 
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 pha,clavipes, male, Fig. 85 and 389. 
Me@ixidae.- Dixa clavata, Fig. 19, 79, 163, 199, 262, 375, 387, 501 


{I @na 502, Dixa modesta, Fig. 254. 

|| Sie thedidac.- Peyecueda aipapennis, Fig. 8, 82, 166, 202, 263, 318, 
|| 372 and 529-30, Psychoda.sp . 

Hy Seerenemidae.- Chironomus ferrugineovittatus, Fig. 12, 88-9, 152, 
| 206-7, 270, 312, 371, and 531-2, Culicoides sanguisugus, Fig. 

| Eeeeeecoo and 521, Forcipomyia cilipes. 

} culiciaae: - Peerepnere ciliata, Fig. 10-1, 96, 159, 210-11, 251, 


266, 373, 380581, and 504-5, Anapheles $p., Culex §p.. 


i] Mycetophilidae.- Sciara varians, Fig. 17, 81, 150, 205, 267, 814, 


Bou, and 512-15, Mycetobia divergens, Fig. 7, 90 and 161, Mycet- 


@phila punctata, Fig. 87. Leia oblectabilis, Fig. 368. 
DiC SSO ds 


|| Cecidomyigdae. - Rhabdophaga strobiloides, Fig. 6, 86, 
a 268, 515, 567, and 510-11, Cecidomyia sp. 

\ 

) Bibionidae.- Bibio femoratus, Fig. 13, 14, 91, 92, 153-4, 208, 264, 


Bip, O64, and 522-25, Bibio albipénnis sp 
| Simuliidae.- Simulium venustum, female, Fig. 2, 77, 144, 204, 250, 


258, 316, 366, 459, and 497-98, Simulium johansengi, Fig. 3 and 
|| 

qT] 252, Simulium pecuarum, Simulium Jenningsi. 

Hl. 

i) Beepmereceridae.- Bibiocephala elegantula, Fig.4, 5, 76, 83, 155-6, 


| 206, 256, 269. 399 and 826-27, Blepharocera sp?. 


|| Rhyphidae.- Rhyphus punctatus, Fig. 9, 80, 157, 209, 261, 321, 374, 


and 508-09, 


Qrthorhapha- Brachycera. 


Sturaviomyidae.- Stratiomyia apicula, Fig. 27, 28, 104, 160, 213, 
£75, 551, 595396, and 545-46, Stratiomyia meigenii. 


Tabanidae.- Tabanus giganttus, Fig. 20, 74, 75, 142-43, £14, 255, 
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259, 283, 317, 390-92, and 494-96, Tabanus sulcifrons, Tabanus 


a®tratus, Tabanus trimaculata and Chrysops striatus. 

NLeptidae.- Leptis vertebrata, Fig. 34, 35, 103, 145, 218, 275, 

-. $25, 369-70, S20 and 525, Chrysopila proxima, Chrysopila thoraci 
ca, Chrysopila quadrata and Chrysopila velutina. 

Oncodes costatus, Fig. 53, 105, 109, 220, 486 and 487. 
: Pterodontia flavipes. | 
_ Bombyliidae. - Exoprosopa fasciata, Fig. 29, 98, 162, 216, 285, 361 
a 426-29, and 549-50, Systoechus vulgaris, Lepidophora sp?. 

) Therevidae.- Psilecephala haemorrhoidalis, Fig. 55, 36, 100, 173, 


281, 324, 402-03, and 533-34. 


mat 


|) Scenopinidae.- Scenopinus fenestralis, Fig. 41, 42, 107, 149, 219, 

| 282, 325, 400-01, and 537-38. 

| Mydaidae.- Mydas clavatus, Fig. 30, 99, 146, 271, 319, 397-98, and 

835-536. 

Ae Promachus vertebratus, Fig. 22, 84, 147, 148, 217, 276 

a S22, 576-579, and 517-19, Asilus notatus, Deromyia umbrina. 

| Dolichopodidae.- Deliehepus . ee Fig. 43, 112, 168, 226, 284 

MMMNEEEGA. 524 and 528, Dolichopus sp?, Fig. 108, Psilédinus sipho, 
Sympycnus lineatus. 

Empididae.- *Empis clausa, Fig. 26, 40, 97, 164, 215, 274, 352, 
421-3, and 547-48, Rhamphomyia glabra, Fig. 424-25, Euhybus sp?.| 

Lonchopteridae.- Lonchoptera lutea, female, Fig. 37, 102, 177, 

_ +225, 280, 320, 406-08, 539, and 541. 

| Phoridae.- Aphiochaeta agarici, Fig. 31, 111, 174, £24, 278, 335, 


595-94, 840, and 544, Metopina sp?, Dohrniphora con§inna. 
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cyclorhapha- Athericera, 
_ Platypezidae.- Platypeza velutina, Wien 62,1110, 165.222 ,) 272; 
: 4 326, 415-16, and 542-43. 

Bie ipanclidae.- Pipuncusue ciugulatus, Pig. S8, 359. 196, 151, 243, 
' | 279, 327, 435536, and 561-62. 

Syrphidae.- Eristalis tenax, Fig. 25-25, 115, 167, 232, 28, 328, 

_ 441-43, and 587-88, Syritta pipiens,*Allograpta obliqua. 

| Gonopidae.- Conops brachyrhynchus, Fig. 67, 117, 186, 221, 305, 
S356, 417-20, and 591-92, Stylogaster biannulata, Fig. 559, Phy- 


socephala tibialis. 


| Cyclorhapha- Calyptratae. 

Oestridae.- Castrophilus equi, Fig. 54, 138, 239, and 490-92. 
Tachinidae.- Archytas analis, Fig. 68, 124, 197, 247, 309, 353, 
468-69, and 604-05, Siphona geniiculata, Fig. 355 and 458, Gonia 

capitata, Ocyptera carolinae, and Gymnosoma fuliginosa. 

Sepemisaae.- Thelaira leucezona, Fig. 65, 128, 196, 230, 301, 346, 

4735-74, and 595-96, 

- Sarcophagidae. - Sarcophaga haemorrhoidalis, Fig. 66, 130, 191, 
244, 310, 350, 477-78, and 602-03. 

Mbidas.—xtusca demestica, Fig, 71, 72, 155, 194, 242, 304, 451, 
465-67, 484-85 and 600-01,*Stomoxys calcitr&ns, Fig. 354, 479, 
480, and 699, Myiospila meditabunda, Fig. 120, Pollenia rudis, 
Lucilia c@gsar, and Calliphora erthrocephala. 

‘ Anthomyidae. - Hydretaea dentipes, Fig. 69, 70, 127, 195, 241, 308 

649, 475-76, and 597-98, Lispa nasoni, Fig. 116 and 481, Dex- 


iopsis laeteipennis, Caenosia aurifrons, and Chor@tophila sp... 
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|| cyctorhapha- Acalyptratae. 

_ Scatophagidae.- Scatophaga furcata, Fig. 62, 135, 193, 246, 307, 
357, 470-72, and 5935-94. 

Hetereneuridae.- Heteroneura flavifacies, Fig. 49, 126, 176, 229, 

, 298, 540, 459-60, and 589-90. 

Hetomyzidae.- Oecothea fenestralis, Fig. 48, 157, 192, 227, 290, 
352, 452-635 and 580681. _ 

Berboridae,- Borborus equinus, Fig. 635, 156, 188, 231, 294, 842, 
437-48, and 565-67, Limesina ferruginata, and Sphaerocera pe=- 
silla. 

mueernycedremidae.- Coelopa vanduzeii, Fig. 58, 121, 182, 288, 337, 
| 448-49, and 9559-60. 

val Sciomyzidae.- Tetanecera plumesa, Fig.—55, 119, 180, 225, 302, 
al 344, 463-64, 584 and 586, and Sep$don fuscipennis. 

a papromyzidae.- Sapromyza vulgaris, Fig. 60, 115, 171, 248, 289, 
529, 409-10, and 555-54, Sapromyza bispinsa, Minet ti lupulina, 
Lonchaea peetita, 

| Ortalididae.- Chrysomyza demandata, Fig. 64, 154, 181, 245, 295, 
i. o41, 456-57, and 557-58, Tritoxa incurva, Chaetopsis aenea, 

| Camptoneura picta, Pyregota sp, and Eume top’ Spt. 
meypeviaae.- HRuaresta aequalis, Fig. 61, 131, 175, 240, 292, 3547, 
a _ 415-14, and 572-73, Trypeta alba, and Straussia longipennis. 
Micropezidae.- Calobata univitta, Fig. 44, 114, 183, 2356, 296, 

4 548, 446-47, and 551-52. 

|| pepsidae.- Sepsis violacea, Fig. 46, 118, 184, 234, 287, 334, 

L 


439-40, and 582-83, and Prochyliga xanthostoma. 


Psilidae.- Loxocera pectoralis, Fig. 59, 123, 169, 235, 303, 339, 
461-62 and 570-71. 
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)-51, and 585. 


ieeeee.—- Ochthera mantis, Fig. 56,101, 187, 237, 297, 336, 


ay 


(444-45, 483, atid 574-77, Paralimna appendiculata, and Parydra 


a 


ituberculata. 


lidae.- Chloeropisca glabra, Fig. 51, 132, 189, 306, 345,430, 


Agromyzidae.- Desmometopa latipes, Fig. 47, 129, 185, 228, 303, 
‘aoe 
(330, 404-05, and 578-79. 
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Suborder- Eproboscidae. 
ppoboscidae. - Gifersia ardeae, Fig. 57, 139, 198, 249, 358, 


88 and 606, Melophagus ovinus. 
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V. FIXED PARTS OF THE HEAD. 


ie 


ah hypothetical head-capsule of Diptera (Fig. 1) has a dorso- 


Sentral extension. The epicranial suture is present on the meson 
: ; 
nd extends from the occipital foramen to a point ventrad of the 


Eetvhae on the cephalic aspect. At this point it bifurcates and 
= bwo arms continue to the invaginations of the anterior arms 
af | he tentorium which are located at the dorso-lateral angles of 
he clypeus. The three unpaired sclerites included within or ven+ 
d of the fork of the epicranial suture are the front, clypeus 
and labrum. The fronto-clypeal suture is represented by a dotted 

ine in the figure. The vertex includes all of the dorsal and 
ephalic aspects of the epicranium except #er the front,while the 
Donec are the regions of the vertex ventrad and mesad of the com- 

d eyes. Two large compound eyes cover the lateral portions of 
, eee tlc aspect. Three ocelli are located on the vertex. The 
occiput and postgenae constitute the caudal aspect of the head- 
apsule. 
Mme tentorium of the hypothetical head-capsule has three pairs 
| of invaginations homologous with the invaginations in generalized 
Piacects. The invaginations of the posterior Sees wee located ven- 
of the occipital formmen at the distal ends of chitinized 
| thickenings. Phe invaginations of the dorsal arms of the eae 
"are on the cephalic aspect near the antennae and adjacent to the 
oo suture while the invaginations of the anterior arms of 
_ the tentorium are located in the epicranial suture and adjacent to 
| the dorso-lateral angles of the clypeus. 


The heads of all Diptera have a dorso-ventral extension and in 


_ this respect resemble the heads of many generalized insects. Some 


FRE ATS By ein greMy 


J aa ' lhe Ps 
es ee ‘ 
ca. 
{ ty 7, 4) 


0 oh ea, 


’ ae 
H 
7 
*y 
‘ 
> 


s\ 
> 


i. “he 
SO Lyk, [<1 0j hia 
ay,’ 


tod Got he She i eee 


ae al bs net) = Dida ae {3 : 


a, 5 te racy, See 
f Fs “ y) - — 
aT at 9 AES 2 en nee 


mete 


the primary sutures, sclerites and invaginations of the head 


Bee auch an insect are present in a number of the Nemdtacera and 


in a few of the Brachycera. The hypothetical head-capsule has been 


onstructed from these forms. The heads of the Acalyptratae and 
Calyptratae are highly specialized by the modification, union, 
eduction, and the membranous development of parts; consequently 
See. fev if any primary characters remain which can be homologized| 
1 these structures. The membranous development of areas has 
een the most important process of specialization. The stippled 
@n the figures show the extent of the membrane. The various 


arts of 


the head-capsule are discussed individually and in the 


order in which they were described for the hypothetical type. The 


is of Diptera naturally fall into two groups by the presence or 


ance of a frontal suture and a ptilinum. The ferns which do 
not Sp@ssess a frontal suture are the more generalized. 
e - Epicranial Suture.- The epicranial suture of all insects origin 
| es in the embryo. The stem of the suture on the dorso-meson re- 


esents the line along which the paired parts of the head meet 


ile the arms of the suture represent the place of contact be- 


ween the paired sclerites of the head and the mesal unpaired scley 
The epicranial suture of an hypothetical dipterous head cor- 


ponds to the above description lof the epicranial suture in the; 


awe 


Moryo. This suture in the hypothetical head /is \also| homologous 
.. the epicranial suture found in the heads of generalized im- 

| mature and adult insects of the more common orders. The following 
| examples illustrate the homology between the hypothetical type aa 
| other insects. The epicranial suture@ in the larva#i of Corydalis, . 


| and in the generalized larvae of the Coleoptera, Lepidoptera and 


Bal certain Hymenoptera is complete and the two arms of the epicranial 
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suture join with the lateral margins of the clypeus as has Deena 
_ shown in the hypothetical type. 

| The epicranial suture of the adults of the Orthoptera,=Hemipe- 
_ teraiand Hymenoptera. also resemble this suture in the hypothetical 
: head providing the following interpretation of this suture is ac- 
— In the adults of Gryllus and Periplaneta it is complete 
and Similar to that of Corydalis except for a small portion of the} 
ns which are wanting about the antennae and the lateral ocelli. 
‘The ventral ends of the arms are commonly called the fronto-genal 
sutures and they join with the clypeus as in Corydalis. All in- 
that possess a sucking type of mouth, such as the Hemiptera 
ana Hymenoptera ,usually show no signs of the stem of the epicran- 
Bias Suture. The arms, however, are distinct and form the lateral 
and Gorsal boundaries of the large mesal piece commonly called the 
 clypeus. A large number of the Diptera possess an epicranial su+. 
ture which closely resembles that of the Hemiptera and Hymenoptera 
On mae basis of the above interpretation of the epicranial suture 
it has been possible to homologize the sutures, sclerites and the 
_ invaginations of the tentorium on the cephalic aspect. No other 

| interpretation gave satisfactory results. 

The epicranial suture in Mycetophila (Fig. 607) is veneers and 
| closely resembles the hypothetical type. Leia closely resembles 

4 Mycetophila except for the stem of the suture which is wanting 

| dorsad sf the of the median ocellus. The stem of the epicranial 


| suture in Psorophora (Fig. 10 and 11) and Chironomus (Fig. 12) is 
i represented by a distinct suture located in a deep fold on the me- 


1 son. Other forms such as Rhabdophaga (Fig.6), Mycetobia (Fig. 7), _ 


j/ and Tabanus (Fig. 20) show depressions or thickenings along the 
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meson. These marks may have no significance. Outside of the above 


mentioned forms the stem of the epicranial suture is wanting. 


2 2 3 ie 
The arms of the epicranial suture are present in may forms. 


This is the case with all but a few of the Nemosecera, with the 


majority of the Brachycera and with the families of the Cycthér- 


fnapna. They resemble, therefore,the adults of the Hemiptera and 


Hymenoptera. The arms are present: as definite sutures between twé@ 


G@hitinized areas in Tabanus (Fig. 20 and 21), Leptis (Fig. 35.), 


and the female of Simulium (Fig. 2). The epicranial suture is» 


apparently wanting in the male of Simulium (Fig.3) unless the lat- 


6ral margins of the convex area represent it. In many genera the 


Seacranial suture is represented by the edge of a chitinized scler 


ite. This is the case in Chironomus (Fig. 12), Trichocera (Fig.16) 


Pserophora (Fig. 11), Mycetobia (Fig. 7),and Dixa’ (Figesl9). The 


vertex in the genera named is membranous between the antennal 


fossae and the epicranial suture. Sciara (Fig. 17), Rhabdophaga 


- 


(Fig. 6), Bibiocephala (Fig. 4 and 5) and possibly Sciara (Fig.17) 


and Bibio (Fig. 14) have the arms of the epicranial suture repre=- 


sentedby the chitinized margin ef the vertex which is adjacent to 


the membranous portion of the fromto-clypeus. The location of the 


invaginations of the arms of the tentorium usually helps to deter- 


mine the location of the epicranial suture. In Ptychoptera (Fig.15 


the invaginations of the anterior arms of the tentorium are loca- 


Fa bad 


ted in the distinct v-shaped depression on the chitinized area 


ventrad of the antfinnae. Undoubtedly this depression marks the 


‘a 
seer! set Ss 


location of the epicranial suture. Tipula (Fig. 18) has a very 


Specialized head and shows no epicranial suture or tentorium. 


Rae ad. 


Only the arms of the epicranial suture are present among the 
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machycera. Qn the whole they are not as well developed in this 


Bigeeup “ac they are in the Nemotecera. When these sutures are pres- 
ent, they are long and slit-like in all the genera except Tabanus. 
this condition is due to the fusion of the invaginations of the 
dorsal arms and the anterior arms of the tentorium along each 
in The arms of this suture in Tabanus (Fig. 20 and 21) unite 


fe invaginations on each lateral half of the head and are not 


: ert like. 
a 


. 


the arms of the epicranial suture in Tabanus (Fig. 26) have the 
_ usual inverted u-shape and their ventral ends terminate at the 
a ventral margin of the head. “he arms ventrad of the invaginations 
of the anterior arms of the Gaidoritun are indistinct. the invag- 
q inations in Promachus (Fig. 22) are long and slit-like and loca- 
a near the ventro-mesal angles of the cempond eyes. lhe epi- 
-eranial suture dorsad and ventrad of ba invaginations are want- 
BE ing. Promachus was undoubtedly derived Bee the same type as that 
3 from which Leptis and Tabanus were developed. From Leptis (Fig,35) 
Pit is possible to homologize the arms of the epicranial suture 

Of all the Brachycera and the Cyclorghapha. The arms of the suture 
extend dersad from the ventral margin of the head in Leptis to a 

| point ventrad of the antennae, where they unite and enclose a 

ii convex mesal area called the fronto-clypeus. This suture in Platy 
z that of of theavms 
peze (Fig. 32) closely resembles Leptis. The# dorsal enda,are 
‘Wanting-in Psilocephala (Fig. 36), Mydas(fig. 30), Exoprosopa 
(Fig. 29), Eristalis (Fig. 23 and 25), Scenopinus (Fig. 41 and 42) 
and in other forms. Scenopinus shows a striking variation in that 


the vertex between the antennae and the fronto-clypeus is mem- 


branous and no epicranial suture can be traced thru this membrane 
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Stratiomyia (Fig. 27) shows a unique development of the slits in 


that they extend mesad rather than dorsad. This condition is un- 
doubtedly a secondary development. The epicranial suture of Lon- 
“Choptera, Aphiochaeta, Pipunculus, and Empis is discussed under 
Bets olypeus. 
No epicranial suture or slit-like invaginations are apparent- 

ly present in any Dipteron that possesses a frontal suture or 

a ptilinum. Since the tentorium on the cephalic aspect and the 
arms of the epicranial suture are usually closely associated in 
insects, there is every reason to believe that these thickenings 
mark the course of the the suture. Furthermore the location of 
time thickenings. ef the tenterium is very similar to the location 
“a? the slit-like invaginations of Leptis (Fig. 35). These thick- 
€nings have been considered as marking the course of the epicran- 
dal suture. The extent of the tentorial thickenings varies con- 


siderably as seen in the figures. In fetenocera (Fig. 55), Chlor- 


| @pisca (Fig. 51), Heteroneura (Fig. 49) and others, the tentorial 


thickenings extend to the antennale fossae. No sutures are pres- 
~6nt between the dorsal ends of these thickenings. 


Fronto-clypeus.- The front and clypeus of all insects are un- 


paired sclerites located between the arms of the epicranial suturd 


The labrum is also an unpaired sclerite aiicadhed typically to the 
ventral vVentesi margin ef the clypeus. These three sclerites and 
their parts are not always distinguishable.sThis is particularily 
erue @f the frent and clypeus in Diptera. The dotted,transverse 
Tine uniting the invaginations of the anterior arms of the ten- 
eitun in the hypothetical head indicates the location of the 
fronto-clypeal suture. in a few of the Orthorwhapha, suture-like 


marks, depressions or thickenings extend across the chitinized 
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to-clypeal suture as indicated on the hypothetical type. It is 
"possible that they are remenants of this suture. With the excep- 
fen. ef the forms named, one cannot be sure of the presence of 
a fronto-clypeal suture; consequently the entire area between the 
am and the arms of the epicranial suture has been designated 
as the frontoetlypeus. The absence of the fronto-clypeal suture 
in Diptera is not unusual since it is wanting in many geen atte 
insects. For those who may wish to divide the fronto-clypeus into} 
areas, the dersal half would be the front and the ventral 
half the clypeus. A large portion of the fronto-clypeus is mem- 
‘ranous in Rhabdpphaga (Fig. 6), Rhyphus (Fig. 9), and Sciara 
(Fig. 17) and the chitinized part greatly reduced. The variations 
nd in the Nemotecera may be seen on the figures. 
Pit The Brachycera show two lines of development in the modifica- 
Ban ef the area enclosed by the arms of the epicranial suture. 
bth. of eae started from a form which possessed an epicranial 
"suture similar to that of Leptis (Fig. 35). The line of develop- 
ment, as seen in Psilocephala, Platypeza, Scenopinus, Lonchoptera 
and Aphiochaeta, is considered first. The chitinized fronto- cly- 
“pous of Leptis resembles the fronto-clypeus of a number of the 
_ Hemotecera jas Sciara (Fig. 17). From this simple condition it is 
_ possible to develop the type of fronto-clypeus found in Psilo- 
a cephala (Fig. 33 and 36). This came about by a membranous develop 
ment on the meson and on the lateral margins, and the loss of the 
arms @1 the epicranial suture directly ventrad of the antennae. 
The membranous development of the fronto-clypeus of Platypeza 


al] RFig. 32) resembles Psilocephala and Scenopinus (Fig. 41 and/42) 


y 


. 


mgs to this same line. In this genus the antennae are adja’ | 
exists between them. The form of the chitinized portion ofthe 
te-clypeus resembles closely that of Platypeza . Aphiochaeta 
31) and Lonchoptera (Fig. 37) apparently belong to this 
ame series. If such is the case, the arms of the epicranial 
suture go net project dorsad but they are represented by the 
early straight venteal margin of the cephalic aspect. This con- 
310n must have come about be the straightening out of the usual 
i-shaped depression and the chitinized part of the fronto-clypeus 
_ located 
a Sntrad of the margin of the head. A similar type of develop- 
eccurs in Bibio (Fig. 14). The tentorial thickenings along 
> ventral margin of the head in Lonchoptera is favorable evi- 
ice for the ahove interpretation. Alloother figures of the Bra- 
fecéra and the Cyclorthapha show the presence of a sclerite de- 
| ignated as the torma and located ventrad of the fronto-clypeus 
‘and this condition places them in the line of specialization 
ich leads toward a muscid type. 
iV fhe fronto-clypeus is present in all Diptera and constitutes 
a prominent pertion of the ti eee In Tabanus (Fig. 20 and 
) the fronto-clypeus is ak the/area ventrad of the epicranial 
jure, @utside of the tormae and the labrum. The sutures separat- 
‘ the fronto-clypeus from the penta cce very indistinct. No arms 
; _ of the epicraniai suture are present in Promachus (Fig. 22), En- 
* (Fig. 26), and Pipunculus (Fig. 38); consequently the dorsal 
extent of the fronto-clypeus can not be determined and the area 
Seer irad of the antennae is consideréd as the fronto-clypeus. The 
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fronto-clypeus of Mydas (Fig. 30) resembles that of Leptis and 
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fron a type similar to Mydas, it is possible to develop the fron 
to-clypeus of Ex6prosopa (Fig. 29), Eristalis (Fig. 26), and 
probably Stratiomyia (Fig. 27). The fronto-clypeus of Mydas 
closely resembles that of the Acalyptratae and the Calyptratae 
4s will be seen by comparing Mydas with Tetanocera (Fig. 55), 
Chloropisca (Fig. 51), and Chrnyomya (Fig. 50). It is not a com-' 
pletely chitinized area in all of the genera studied and the sig4 
cance of this mesal membranous area in Sepsis, Oecothea and 
Calobata has been suggested in the discussion on the ptilinunm. 
era. - The tormae in generalized insects are chitinized pie- 
ees. which belong to the lateral portions of the epipharynx in 
the région of the clypeo-labral suture and connect with the cly- 
peus or labrum at the lateral ends of the suture. 
The tormae of generalized Diptera also connect with the inner 
‘surface of the ventral portion of the fronto-clypeus. They ane 
‘not well developed structures or readily distinguishable from 
he frento-clypeus in a number of the Nemotecera. The reason for 
Rind 5 seems to be due to the decidedly convex nature of the fron- 
wa =Clypeus and the close proximity of its lateral portions with 
the lateral margins ef the epipharynx. The tormae of Leptis, 
' oe Scenopinus, Aphiochaeta and Lonchoptera connect 
wpothetical type. In Tabanus the tormae (Fig 494) resemble the 
above mwenera in their connection with the fronto-clypeus but 
BL they have been enlarged ventrad until they are exposed between 
the elypeus and the labrum. The exposed portions of the tormae 
resemble twoy small, triangular sclerites with their pointed 
ends i the meson. This condition is not unusual since 


_they resemble closely the exposed portions of the tormae located 


C1Lel 
the lateral ends of the clypeo-labral suture in Gryllus. Si- 


m also shows exposed portions of the tormae at the ventro- 
teral angles of the fronto-clypeus. 
The inverted chitinized v-sha,ed piece ventrad of the fronto- 
| in Mydas((Fig. 50) has undoubtedly been derived from the 
sion of the tormae of some form resembling Tabanus (Fig. 26). 
11 connection between the tormae and the fronto-clypeus is lost 
n Mydas. From the type of tormae found in Mydas it is possible 
develop the tormae of all other genera. The tormae vary in 
hape and location as seen in the cephalic views of the head. In 
Eeteaopa (Fig. 29), Eristelis: (Pig. 25) a Stratiomyia (Fig.27) 
ey show a striking development in that they are located within 
2p emmarginations ef the ventral margin of the fronto-clypeus. 
1e tormae ef Empis (Fig. 26) closely resembles that of Mydas, 
therefore it belongs to this line of development. In Pipunculus 
*. 58) the tormae resemble the fronto-clypeus of Sciara (Fig. 
17) but as a matter of fact the frento-clypeus is the area ven- 
rad of the antennae as shown by the location of the dorsal arms 
f the tentorium. The tormae of the Acalyptratae ‘are usually ° 
Se mt-shape while among the Calyptratae they resemble the type 
id in Mydas. 


 Ptilinum.- A deep,inverted u-shaped groove is present in the! 
f u, ‘S , 
ads of all the Acalyptratae,.and the: Calyptratae dorsad of the 
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A » of invagination of the large membranous pouch, the ptilinun. 
— 


inteanae. This groove is called the frontal suture and marks the 
/In Sphyracephala (Fig. 52) the frontal suture is v-shaped, due to 


_ the peculiar development of the head. The extent of the invagins’ 


“W] ation of the ptilinum is indicated by a dot-dnd dasheline in the 
f, y ° 


- Src Aes WEL ete ek ee, wae ee. ai tl 


bala arty Phen. “nme fe sete bene FANT aS AD A alate Semi 4 Son. ell Oe ow ahem 


~ pee ett, a a : 
ty Net Ih ce emt ew posers 


} 


. ‘ ¢ arr) eA i 
Ph ey OF ee ae mr ey) Cire 


Bie 


rawings ef the cephalic and lateral views of the head-capsule. 
Re ericin of the ptilinum has been a mystery to morphologists 

ra careful examination ef the heads of the Brachycera and 

S Beerrhapha no definite datu’ were found which would throw 
py Lent on its origin. A few forms, however, suggested a possi- 


a 
5 way in which it might have been developed. The frontal 
a) 


ae 
LA) Ii 
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> and ptilinum are comparatively small in Tetanocera (Fig. 
5), Sapromyza (fis. 60), Conops (Pig. 17), Ochthera (Fig. 56), 
and Chloropisca (Fig. 51). These genera gave no clue to the ear- 
of its development unless the thinly chitinized con- 
ion of the prente- -clypeus of Chloropisca has some sienkrd dence 


oa 
, seems evident that the frontal suture was once a membranous 


fronto-clypeus of Sepsis (Fig. 46), Oecothea (Fig. 48), Calobata 
(Fig. 44),and Desmometopa (Fig. 47) would be very significant. 
The ptilinum might possibly have originated from some form sim- 
= te Scenopinus (Fig. 41) where the ventral margin of the 
aitinized vertex is located dorsad and laterad of the antennae. 
1 seems quite possible that the membrane along this margin be- 
Re invaginated in the early stages of the development of the 
in The above suggestions may or may not be correct. The 


ares 
“real solution to the problem undoubtedly rests upon a careful 


“study of its pupal development. 
h 4 


Labrum.- The labrum of an hypothetical dipterous head (Fig. 1 
PALO and 493) is a distinct, chitinized, tongue-like structure 
_ connected with the ventral margin of the clypeus. The shape and 


size of the labrum is identical with the shape and size of the 
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" €pipharynx which is located on its caudal aspect. The labrum — 
-and epipharynx are joined together by a membrane along their 
é 


/Zateral margins. These two structures thus act as one organ and 
' 


they have rightly been called the labrum-epipharynx. The above 


_ relation ef the labrum to the epipharynx and the fronto-clypeus 
i] 1) ' 


resembles closely the corresponding conditions in the Orthopter 

a In a general way the labrum of all the genera studied resen- 

ples the hypothetical type described above. It varies, however, 
in shape and degree of chitinization. In Promachus (Fig. 22), 

_ Psorophora (Fig. 16 and 11), and the female of Tabanus (Fig. 20) 
Bak is completely chitinized and separated from the fronto-clyp- 
ius by a suture. In all other genera there is a distinct mem- 
branous area Boley ahs between the fronto-clypeus and the labrum. 
“This area is very extensive in the Cyclorrhapha and includes the 
-tormae. The labrum of a few scattered genera such as Rhabdopha- 
ga (Fig. 6), Mycetobia (Fig. 7), Chironomus (Fig. 1£), Scenopin- 
us (Fig. 41) and others is completely membranous while in oth- 

ers it is nearly so as in Mydas (Fig. 30). The figures of the 
Cephalic aspect of the head and the lateral views of the epi- 
pharynx and the hypopharynx show the shape and extent of the 
Chitinization of the labrum. 

The labrum of Dixa (Fig. 501), Trichocera (Fig. 499), Sciara 
Pete. 515), Bibio (Fig. 523), Simulium (Fig. 497), Culicoides 
(Fig. 521), Tabanus (Fig. 20) and Dolichopus (Fig. 588) is dis- 

Pe tinctly separated from the epipharynx by a membrane. This con- 
- dition is best seen from a lateral view. The majority of the 
forms studied have little or no membrane between the labrum and 


the epipharynx. This is particularfly true of the Cyclorghapha. 
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‘The surface of ‘the labrum of all the Diptera is more or less con# 
vex. In a large number of the genera the convexity is very dee 
cided and of such a nature as to surround the cephalic and lat- 


eral aspects of the epipharynx. The epipharynx in these forms 


ean only be seen from a caudal view. Among the Calyptratae, the 
ee 


’ labrum and epipharynx are firmly united into one piece. 

"> The labrum of Simulium (Fig. 2 and 489) is unique in that the] 
<a 
- chitinized part consists of a narrow mesal piece which bifur- 


 eates at its distal end. These bifurcations give rise to special 
ae 
small hook-like structures whith have been incorrectly interpre- 


tated as mandibles, Smith- 1890. The labrum and epipharynx of 
- Psorophora (Fig. 504) fit together very closely. By careful dis- 


Section they may be separated as seen in the drawing. So far as 


- observed no membrane is present between them. The proximal end 


_ of the labrum is unique in its crook-like form, with which mus- 


eles connect. 
Vertex.- The vertex of an hypothetical head is the paired con 
‘ Péus areas on the cephalic aspect of the epicranium. It is 
_ interpreted as including all the eephalic and dorsal aspects of 
wm cne epicranium except the front. In a number of the Diptera, as 
_ heretofore described, the stem of the epicranial suture is pres- 
ent and marks the line of flusion of the two halves of the vertex 
q Mpen Which the ocelli and the antennae are located. The shape 
and Size of the chitinized portion of the vertex is largely de- 
Si termined by the size of the compound eyes, the location and ex- 
| tent of the membranous area about the base of the antennae, and 
the location of the arms of the epicranial suture. The variationg 


in the size and shape of the vertex are shown in the figures of 
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cephalic aspect of the head. 


‘The region of the vertex ventrad and mesad of each compound 
fewe seca gena. The size and extent of the genae de aspeudcnt upor 
e location of the compund eyes and the ventral extension of 
the head-capsule. The figures show considerable variation in 
nese respects. 

, Compound Eyes and Ocelli.-. The compound eyes of an nepetticnt on 
1 head are large oval structures located on the cephalo-lat- | 
aa aspects of the head-capsule. They cover from one-half to 
“two-thirds the entire cephalic aspect and their caudal margins 
are adjaceent to the lateral margins of the head. The compound 
"eyes ®t the majority of the Diptera resemble in general the hypo 
-thetical Peaat The shape and size of -the compound syes varies 
Micensiderably with the different species. Variations e#eng are 
more prevalent in the families of the Orthoryfhapha. This varia- 
bility agrees with the decided variability of other parts. In 
such genera as Tipula (Fig. 95), Psorophora (Fig.96) and Limno- 
bia (Tig. 93 ) the compound eyes te ene in that they 
extend Onto the caudal aspect of the head. The variations in 

| “shape are well illustrated by the numerous figures. 

L The compound eyes show secondary sexual characters in a great 
Ber number of species than any other fixed or movable part. This 
sexual variation is most prevalent among the Nemotecera and the 
Mitnaohycera, but was not observed in the Acalyptratae. Among the 


 Calyptratae, slight differences occur in Musca (Fig. 71 and 72) 


' and Hydrotaea (Fig. 69 and 70 ). When sexual variation occurs, 


_ the eyes of the male are larger than those of the female and 


they are usually adjacent along a portion of their mesal margins 
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Such eyes are said to be holoptic while in all the females and 


in some males where the eyes are distinctly separated, they are 


Ndichoptic. The extent of the holoptic condition depends upon the 
size @f the eyes and the location of the antennal fossae,as in 
"Simulium (Fig. 2 and 3) and Bibio (Fig. 13 and 14). In the male | 
f Bibio the compound eyes are adjacent along their mesal margin 
d the antennal bee usccars located ventrad of the eyes. The ex- 
tent and nature of the sexual variation is shown in the figures. 
"The heads of oe male and female have been drawn when decided 


l %° 
Segacierences are present. 


> 

J 

The facets or ommatidia of the compound eyes vary in number, 

form, ana size thrueut the order. Among the Nemotocera they are 
‘‘ f : 

ay. 

_ usually large and not as closely compacted as in the Cyclorrha- 

ns 4 ; 


pha. An interestmg variation occurs in the male of Simulium 


er > 


oreere the facets of the ventral half of the eye are smaller than 


iq 
y 


those of the dorsal half. This difference in size of the facets 
| is also true of the female of Bibiocephala(Fig. 5). In the male 
of Bibio (Fig. 154) , the facets in the ventro-caudal portions 


Ser the eyes are smaller than those in the remainder. The compound 


% . 
@yee Of Bibiocephala and Blepharocera are divided ame sso 


inte a dorsal and ventral portion by a transverse constriction 
where the ommatidia are wanting. This constriction is also pres- 
ont in Bibio but in this form it is confined to the caudo-ventra 
; portion of the eye. 


The drawings of the lateral views of some heads show a dash ©: 
»@r soild line around the margins of the compound eyes. This: Line 
| indicates the extent of the infolding of the head-capsule ad- 


jacent to the compound eyes This infolding or ocular sclerite 
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is figured only for those species where it is closely related hi 
te the external markings found on the caudal aspect. The influ- 
pape ef this invaginated edge will be more fully discussed Tatene 
» The three ocelli of the hypothetical head-capsule (Fig. 1) 
are arranged in the form of a triangle and located on the cephs? | 
alo-dorsal aspect of the vertex. The median ocellus occurs in 
@picranial suture and somewhat ventrad of the lateral ocelli. 
‘In Leia the median ocellus is located in the epicranial/somewhat 
| rsad of the bifurcation and the other two ocelli are located 
‘somewhat laterad of it. This location of the ocelli in the Diptenh 
tera agrees with Comstock's idea concerning the caudal migration 
P Smee ece!li in specialized insects. In generalized insects all 
‘three @celli may be lecated on the front or the lateral ocelli 
7 be in the arms of the epicranial suture or on the vertex 
While the median ocellus is on the front. The ocelli in the Hy- 
" menoptera and Hemiptera are similar in location to those of the 
‘Diptera. 
= Leia is the only form studied which possesses ocelli anda 
well marked stem of the epicranial suture. The chitinized, sec- 


} meascary » y-shaped thickenings on the ocellar triangle of Rhyphus 


(te. Y9) and Mycetobia (Fig. 7) should not be confused with the 


-epicranial Suture. The ecelli are wanting in a large number of 
"the Nemdtecera and in Tabanus, Conops and Olfersia. Three ocelli 
are present in all other species of Diotera except Oncodes (Fig. 
iss) xhere there are only two. The figures show such variations 
4 Mloccur in the various ocellar groups. 
‘Caudal Aspect-Occiput and Postgenae.- No sutures occur on the. 


caudal aspect of an hypothetical head-capsule (Fig. 73) except 
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the epicranial suture. This absence of sutures makes it impossi- 


ble to definitely locate the boundaries of the occiput and the 


pestgenae. The following interpretation is based upon a studycof 


the occiput and postgenae er generalized insects such as the Or- 
? 5 


“thoptera. The occiput comprises all the area dorsad of an imagin- 


+ 
vré 


ted eccipital foramen. The areas ventrad of this line and later- 
a. 
ad ef the mesal membranous areas are the postgenae. The occiput 


fry transverse line drawn thru the middle of the centrally loca- 


undergees a secondary development about the margin of the occip- 
ital foramen. The structures pertaining to this modification have 


"been designated as the parecciput. Each postgena is also secon- 


't 
wdarily differentiated along its mesal margin by a chitinized 


_ thickening which extends between the occipital foramen and the 

_ invaginations ef the pesterior arms ef the tentorium. This thick- 
| Reine has been designated as the parapostgenai thickening while 

_ the area mesad ef it is the parapostgena. The two mesal projec- 

| tiens ef the parecciput en the lateral margin ef the occipital 

: foramen serve as points for the articulation of neck sclerites. 
and mark the ventral boundary of the occiput. 

The eccipital foramen is dadepatiy lecated in all but a few 
"genera such as Tipula (Fig. 95), Limnobia (Fig. 93), Psorephora 
(Fig. 96), and Bibio (Fig. 92) where it is near the dorsal mar- 
ohein. The size of the occipital feramen is more or less constant 
_ thruout the order put in Psychoda (Fig. 82) and Promachus (Fig. 

_ g4) it is cemparatively much larger than in Pipunculus (Fig. 106) 
and Exeprosopa (Fig. 98). The shape of the occipital foramen var- 


_ ies somewhat, but usually it is in the form of a figure eight. 


The constrictions in the lateral margins are generally due to 
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e mesal projections of thecparocciput which vary to some extent] 
in their Jocation. The projections in Exoprosopa (Fig. 98) Pipun- | 
ulus (Fig. 106) and Mydas (Fig. 99) meet on the meson and com- | 
pletely divide the occipital foramen into two openings. The neck 
sclerites always articulate with these mesal projections and are 
-epresented in a number of the figures. 

The OcGciput of all the genera figured resembles in general the 
yeciput of the hypothetical head since no sutures separate the 
vertex, the occiput, and the postgenae. The location of the occip 
@ual tOramen and the contour of the caudal surface determines the 
amént of variation in the occiput as well as the postgenae. In 


some genera Empis (Fig. 164) and Bibiocephala (Fig. 56), the cau- 


) . 
Gal aspect is convex,while in others, Exoprosopa (Fig. 98) and 


‘Pipunculus (Fig. 106), it is decidedly concave. Suture-like mark- 
ings Or depressions are present near the dorsal margin of the 
“caudal aspect in the heads of Tabanus (Fig. 74), Stratiomyia (Fig 
5164), Bibio (Fig. 91 and 92 ), Bibioeephala (Fig. 83), Leptis 
(Fig. 103 ), Psilocephala (Fig. 100) and others. «hese depress 
ions mark the place of contact of the mesal portions of the oc- 
ular sclerites with the head-capsule and are in no way homologous 
with the sutures Reout, the occiput in generalized insects. 

a fmaenearea about the dorsal and lateral margin of the occipital 
foramen, the parocciput, is more or less differentiated from the 
_ remainder of the occiput in all the species studied. Among the 
mmore generalized forms, Bibiocephala (Fig. 83), Trichocera (Fig. 
78), Tipula (Fig. 95), Sciara (Fig. 81), and Bittacomorpha (Fig. 
q 65), it is only a thickened edge, but in/large number of species 


moruout the order it is a clearly defined piece and set off from 
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39 
e occiput proper by a secondary suture. The indefinitness of 
his piece in a large number of the generalized Diptera and the 
ant of an homologous part in generalized insects supports the 
iew that it is only.a secondary modification of the occiput. 
‘The Parocciput, in most genera, occurs as a nerrow piece about] 
Be dorsal and lateral margin of the occipital foramen and its 
entral ends project mesad. In the heads of the Cyclorfhapha 
hhreé secondarily developed,chitinized thickenings arise from 
ne ental surfase of the paracciput; two of these project dorso- 
laterad from the lateral portions of the parocciput and the third 
is located on the meson. These phigkehings are also present in 
Bone of the Brachycera such as Délichopus and Pipunculus. Their 
eatest development is found in Eristalis where the two dorso- 
eral” thickenings extend to the caudal margins of the compound 
eyes and the third thickening on the meson bifurcates a short 
distance dorsad of the occipital foramen and the two arms connect 
with dorso-mesal angles of th compound eye. The dorso-lateral 
‘thickenings On the whole are better developed in the genera fi¢- 


4 

Mred than the thickening on the meson. In Theligra ¢Fig.128) and 
Musca (Fig. 133), the dorso-lateral thickenings project dorsad 
to the Margin of the head. The area included between them is 
iat the epicephalon or occiput by different writers and itis 
also Snvirely different in origin from a similar area found in 
Pbants (Fig. 74) and others and given the same name. These n 
names and others used by sustematists have no morphological sig- 
“nificance for they cannot be homologized with the primary scler- 
, 


ites of a generalized insect. 


a The postgenae of the hypothetical dbpterous head has been care 


aise 
ully compared with the heads of generalized insects such as the 


rthoptera. The mesal membranous area between the postgenae is 


homologous with the membrane of the neck and the membrane surround 


stions of the postgenae. 


q The postgenae and the parapostgenae of the majority of the Nem- 


>tocera resemble the hypothetical head. In Chironomus and Tricho- 
cera the parapostgenad thickenings are wanting. The invaginations 


£ 


x 


of the posterior arms of the tentorium in Simulium (Fig. 77) are 


‘adjacent to ine occipital foramen, consequently the parapostgenae 

Beant inca to the lateral margins of the occipital foramen. In 
fabanus the invaginations are also located adjacent to theooccip- 
ital foramen and the postgenae are connected by a broad area ven- 


trad of the occipital foramen in the male and by a narrow strip 
Pa 


the female. 
The area ventrad of the occipital foramen is a continuous chit-l]. 


anized piece in all of the Cycloryhapha and the Orthorfhapha. 
“a * } : 
There is only one probable expanation of the origin of this area. 


It has been derived from the fusion of the mesal margins of the 
Bast gense. The evidence for this interpretation is found in a num- 
her of the Nemotecera. The mesal Margins .of the postgenae in Tri- 
“chocera (Fig. 78) and Sciara (Fig. 81) are curved mesad and in 


some cases actually join as in the female of Bibiocephala (Fig.853) 


_ ‘The pectitliar elongated heads of Limnobia (Fig. 93), Tipthla (Fig. 
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! in 
5), and Psorophora (Fig. 96) show a distinct depressed line on 


ne meson along which the postgenae have joined. In a number of 


he genera of the Orthorrhapha and the Cyclorrhapha the ventral 


rgin Maeone caudal aspect is decidedly concave. This condition 


ay be due to a former stage in the development of the fused 


Gis 


pOStgenae. In all cases where the area ventrad of the o¢cipital 


ramen is chitinized, the invaginations of the pesterior arms 


of the tentorium are adjacent to the occipital foramen and the 


ttachments of the maxillae are removed to or beyond the ventral 


ie 
— 


Margin of the head. Sciara (Fig. 81) is a good example of an 


early stage in the development of the above relationship. The 


variations in the shape and extent of the postgenae and parapost- 


26 apewwell illustrated by the figures. 
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_ Tentorium.- There is present within the head of generalized 


9 
ok 
' 


insects a definite arrangement of chitinized rods and plate-like 
as -— 7 


‘structures which go to support the internal organs and furnish 


. 
Beraces for the attachment of muscles. These rods or plates arise 


ae : : : 2 
‘from three pairs of openings on the head known as the invagina- 


‘tions of the anterior arms, dorsal arms, and posterior arms of the 


tentorium. The invaginations of the anterior arms are usually 


sociated with the lateral margins of the clypeus, with one of 


e points of articulation of the mandibles, and frequently with 


le distal ends of the epicranial suture. The invaginations of 


the dorsal arms are associated with the points of attachment of 


“i We 
E.: antennae and near the dorsal portions of the arms of the epi- 


‘a 
y cranial suture. The invaginations of the posterior arms are ass 


sociated with the occipital foramen and the points of attachment 
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aos 
"the maxillae. The three pairs of arms unite within the head; 


} small dorsal arms unite with the large anterior arms and 


hese in turn join with the posterior arms which are confined to 
«{ a 
the caudal portion of the head-capsule. The free ends of the post 


. i 


Pior arms are fused and form the body of the tentoriun. 
1 \ 


' The tentorium undergoes a considerable amount of variation in 
tae different orders, but the above associations between the invag 
Ay a ' 


nations and the fixed and mavable parts of the head are always 


a. oe 


retained by the more generalized members of each order, so far as 
Observed. This is also true for a generalized hypothetical dip- 
Prous head. The tentorium of such a head (Fig. 140 and 141) is 
nsiderably modified when compared with the tentorium of a gen- 
eralized insects Two pairs of invaginations are present on the 
Cephalic aspect of the head (Fig. 1). The dorsal indistinct pair 
just ventrad of the antennae are homologous with the invaginations 
of the dorsal arms of the tentorium while the prominent pair of 
‘invaginations ventrad of these and located in the epicranial sut- 
and adjacent to the lateral ends of the fronto-clypeal sut- 


ure are the invaginations of the anterior arms of the tentorium. 


One pair of invaginations is present on the caudal aspect of the 


head-capsule (Fig. 73) someuhat ventred of the ventro-lateral ma 


ins of the occipital foramen. These are the’ invaginations of 
ihe posterior arms of the tentorium. Each lateral half of the te 
_torium is Y-shaped, the stem of the ¥ arises from the invagina- 
‘tions on the caudal aspect and its caudal portion is a part of 

' the posterior arms of the tentorium. The large ventral arm of the 
5 


_ ¥ together with the cephalic portion of the stem is the anterior 


arm and the small dorsal arm is the dorsal arm of the tentorium. 
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These two arms connect with their respective invaginations on 


the cephalic aspect. The body of the tentorium is apparently rep 
resented by small, rudimentary, mesal projections arising from 


+ 
menpOsterior arms near the caudal portion of the stem of the Y. 


. | 


' The association between the movable appendages and the invag- | 


a), é 


inations of the tentorium is discussed under the respective ap- 


-pendages. Prom this point c= the tentorial structures as they 
occur in the varbous genera are compared with the hypothetical 


fe and the line of specialization noted. The forms without a 


-ptilinun are considered first. The parts of the free tentorium, 


not completely fused with the head-capsule are indicted in the 


figures by dotted lines. 
' The tentorium of Tabanus (Fig. 142 and 143) is generalized 
and closely resembles the hypothetical type; consequently it fur 


- nishes a good atarting point for a discussion. Two invaginations 


"are present on the cephalic aspect (Fig. 20); of these the invag 
inations for the anterior arms are the more prominent. The dorsal 
_ arms arise from the head-capsule just ventro-laterad of the ant- 


q 
“Gnnae and connect with the arms of the epicranial suture. The 


_ invaginations for the panterior arms are located near the distal 


ends of the epicranial suture. The invaginations on eaeh lateral 


— 


half Of the head are joined together by the epicranial suture 


+") 
a. 


and resemble the hypothetical type. Two pairs of invaginations 


are also present on the cephalic aspect of Simulium (Fig. 2 and3) 


¢ 


"but in this genus they are not as prominent as in Tabanus. They 


_ are hecated on the vertex adjacent to the compound eyes. In the 
_ female the arms afethne!épderanétdl suture are well defined and 
the invaginations are closely adjacent to them while in the male 


the sutures are wanting. Tabanus and Simulium are the only forms 
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ed which show two distinct pairs of invaginations on the 


16 
Cephalic aspect. All other genera have only one pair and these 


"6 Of two types. They are either long and slit-like or they re- 
mble small pits or darkened spots on the ectal surface. The 
mg, slit-like invaginations found in Leptis (Fig. 35), Psilo- 
Sete (Pig. 56), Platypeza (Fig. 32), Scenopinus (Fig. 41), Ex- | 
Ipprosopa (Fig. 29), Promachus (Fig. 22), Stratiomyia (Fig. 27), 
ydas (Big. 30), and Eristalis (Fig. 25) have a special signifi- 
cance Mhich will be more fully discussed later. The small, pit- 
like invaginations are present among the Nemotecera and in Pipun- 
culus (Fig. 58) and Empis (Fig. 26). These are located on the 
chitinized aes of the vertex or the fronto-clypeus adjacent to 
Serme.0O: the epicranial suture and usually close to the com- 
“pound eyes. Their location and structure indicates that they are 
the invaginations of the anterior arms of the tentorium. In a few 
"genera of the Orthor#hapha,such as Lonchoptera (Fig. 37), Tipula 
Pivig. 18), and Aphiochaeta (Fig. 31) no invaginations are present 
on ine cephalic aspect of the head. 

: One pair of invaginations for the posterior arms of the ten- 
Beerium is present on the caudal aspect of the heads of all genera 
Meanined except Oncodes (Fig. 105), Olfersia (Fig. 139), Tipula, 
_ and @ few Other species where it is difficult to be sure of their 
Miresence. The invaginations in Bibiocephala (Fig. 83), Trichocera 
|" (Fig. 78), Dixa (Fig. 79), Rhyphus (Fig. 80), Sciara (Fig. 81), 
"Psychoda (Fig. 82), Rhabdophaga (Fig. 86 ), Chironomus (Fig. 88), 
4 Bittacomorpha (Fig. 85), Mycetophila (Fig. 607), and Mycetobia 
(Pig. 90) are decidedly ventrad of the occipital foramen and 


4 


adjacent to the proximal ends of the maxillae. They are connected 
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with the lateral margins of the occipital foramen by means of 

the parapostgenal thickenings except in Chironomus and Trichocera 

The above forms closely resemble the hypothetical type. In a few 
_ genera of the Besetcee a: sack as Psorpphora (Fig. 96) and Simu- 
‘Yium (Pig. 77), the invaginations are adjacent to the occipital 

"foramen, This is characteristic of these invaginations in the 

" -Brachycera and the figures show the details of the variations in 
the position of the invaginations of the posterior arms of ithe 
 tentoriun. 
a Two lines of specialization ocaur in the tentorium of the Dip- 
Piera. One is the reduction of the dorsal arms while the other is 
Bethe union of the dorsal arms and the anterior arms. The two types 
of invaginations described for the cephalic aspect of the head 
bear directly upon this problem. The most important evidence in 


¥ 


proof of these two types of development is found in the struct- 


ot 
ure of the arms. 


Im Sciara (Fig. 150), Bibio (Fig. 153 and 154), Psorophora 
> (Fig. 159), Trichocera (Fig. 158), Bibiocephala (Fig. 155), Dixa 
(Pig. 163) and others, two long narrow rods extend on each side 
"between the invaginations on the caudal aspect and the invagin- 
ations offi the cephalic aspect. These rods are composed of the 
"posterior arms and the anterior arms of the tentorium. The dorsal 
Eras are completely reduced in these forms. Other genera show 
_ completely developed dorsal arms or rudiments of the same. The 
“dorsal arms are distinct and free in Pipunculus (Fig. 151). They 
7 arise from the anterior arms and project eephalad to the cephalic 
aspect of the head, where they connect with small but distinct 
4 ental projections adjacent to the antennae. The cephalic ends of 
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the dorsal arms are very delicate and easily broken in dissect- 


‘doms.There are no invaginations on the ectal surface. In Chiron- 


omus (Fig. 152) the tentorial arms are swollen near the mid:le of| 
eir length and the distinct humps on the dorsal side are inter- 


sted as rudiments of the dorsal arms. Promachus (Fig. 147) has 


oper. These projections are undoubtedly dorsatrarms of the ten- 
_torium that have Pea aed their connection with the ocylar scler- 
ite near the mesal margin of the compound eye but have lost their 
“connection with the tentorium proper. A similar relationship be- 
tween the dorsal arms and the ocular sclerite is present in Tab- 
anus. 

= The above described tentorium of the Nemotecera are located 
“in the ventral half of the head-cavity and their situation is de- 
pendent upon the position of the invaginations. Usually the in- 
-vaginations of the panterior arms are located ventrad of the inst 
| vaginations of the posterior arms, but Bibiocephala (Fig. 155). 
an exception to this rule if the tentorium in this genus is com- 
posed of Smly the anterior and posterior arms. There is no exi- 

_ dence tO show that this is not the case. In some genera such as 
"Lonchoptera (Fig. 177), Rhabdophaga (Fig. 170) and Empis (Fig. 


mes), they are not free rods extending thru the head cavity, but 


are completely united with the ventral margin of the head or near 
ly so. The tentorium of Aphiochaeta (Fig 174) is reduced to two 
small ental projections adjacent to the occipital foramen while 
in Tipula (Fig. 178) the tentorium is apparently wanting. 


Among the majority of the Brachycera the tentorial arms are 
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58. 
pecialized by fusion and Tabanus (Fig. 143) illustrates an early 


stage in this dewelopment. The principal difference between the 
tentorium of Tabanus and the hypothetical type is the presence of | 
jnin chitinized plate in the V-shaped opening between the an- 
sior and dorsal arms. Simwlium (Fig. 144) has a similar plate 
and these two genera clearly demonstrate the first stage in the 
sion of these two arms. The cephalic end of the tentorium in 
Promachus (Fig. 147), Mydas (Fig. 146), Leptis (Fig. 145), Scen- 
opinus (Fig. 149), and Exoprosopa (Fig. 162) is a broad uniformly 
Nehitinizéa ee area. This condition is accounted for on 
the basis of the union of the anterior and dorsal arms and the 
invaginations on the cephalic aspect of these forms agree in all 
‘respects with this interpretation. In Tabanus (Fig. 20) the in- 
“yaginations om Gach side are joined together by the epicranial 
“suture while in the above forms the invaginations are slit-like 
and occupy the greater part of the arms of the epicranial suture. 
q Slit-like invaginations are easily explained if the anterior 
and dorsal arms are considered as fused. 

| The posterior arms of the tentxorium of the Nemotecera and the 
_ Brachycera vary in shape, size and location. The anterior and 
“posterior arms are ynited within the head and no sharp line can 
be drawn between them. The body of the tentorium is represented 
_ Small mesal projections on the mesal surface of the posterior 
ms of most genera. 

qq Meny interesting features occur in the modifications of the 

- tentorium ef this group. In Dolichopus (Fig. 43 and 168) it ap- 
"pears to be fused with the dorsal margin of the slit-like open- 


q ings on each side between the mesal margin of the compound eye 
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- | 
und the fronto-clypeus. ‘The tentorium of Mydas (Fig. 146) is 
large and tubular and it is possible to push a good sized needle 
the opening of the anterior arms to the opening of the post- 


erior arms. 


The tentorium of the genera possessing a ptilinum differ prin- 
ipally from the foregoing in the degree of fusion with the head 
capsule. In most genera of this group the tentorium is completely| 
united with the head,but in a number of the Acalyptratae the ten- 
torial arms arise as free rods from the invaginations on the cau- 
dal aspect and project to the latero-mentral margins of the head- 
capsule with which they unite and continue cephalad as thicken: 
ings adjacent to the ventral margin of the head as in Sapromyza 
ig. 171), Loxocera (Fig. 169), Euaresta (Fig. 175), Calobata 


2? 
(Fig. 183), Chrysomyza (Fig. 181), Drosophila (Fig. 172), Chyro- 


i¢f 
7 
es 


mya (Fig. 179), Heteroneura (Fig. 177), and Tetanocera (Fig. 180). 


5 


“Among those forms, where the tentorium is completely fused with 


mene Need 45 in Sepsis (Fig. 164), Chloropisca (Fig. 189), Coeld6- 


mee (Fig. 182), and Borborus (Fig. 188), it is a continuous thick- 


the cephalo-ventral aspect of the head-capsule. The tentorium 


Ming from thelatero-ventral angle of the occipital foramen to 


e 
a 
a 
Jia 
between the invaginations for the posterior arms and the ventro- 


‘lateral margins of the head-capsule is apparently wanting in Mus- 


Seechig., 194), Thelaira (Fig. 196), Archytas (Fig. 197) and oth- 
Ae 


ers; in one or two cases it is possible to trace a faint mark 
which would indicate the line of connection. The tentorium among 
some of the genera of the Acalyptratae and the Calyptratae show 
an unusual development of the tentorial thickenings in that they 


part of the ventral 
"extend about the entire caudal/margin of the head. In some cases 
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hese tentorial thickenings join with the occipital foramen as 


1 Calobata (Fig. 114), Scatophaga (Fig. 135), Heteroneura (Fig. 


wemtepa (Fig. 116), and Myiospila (Fig. 127) while in Muscas 
fig. 155), Coelopa (Fig. 121), Hydrotaea (Fig. 1£7),and others 


* 


ere is no connection. 


‘The invaginations of the posterior arms of the tentorium of 


rl ' 
Lhe Acalyptratae and the Calyptratae are located laterad or later 
ero-ventrad @f and adjacent to the occipital foramen. In many of 


i 


1@ species figured the invaginations are merely long, heavily 


shitinized furrows extending latero-ventrad from the occipital 


foramen every O1ten it is difficult to definitely locate them. 
| a NT 
' Two mesal projections arise from the proximal portions of the 


posterior arms in a majority of the Cyclorfnapha. In some species 


t] ise structures are well developed and their mesal ends apparent 


goin on the meson cephalad of the occipital foramen. These 
structures are similar to those described among the Brachycera 


and are the rudiments of the body of the tentorium. 
7 Pr : , 


= No invaginations of the tentorium occur on the cephalic aspect 
a i 

meeny Of the forms which possess a ptilinum. On-account of the 
Gecided specialization of this aspect, it is very difficult to 


me tS 
mnow just what has happened. The tentorium is represented by 


‘thickenings which extend from the ventral to the cephalic aspect 


of the head. The extent of these thickenings varies; in some 


genera they continue to the antennal fossae while in others they 
:. 
are practically wanting. 
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VI. MOVABLE PARTS OF THE HEAD. 


The —s and structure of the movable parts of the 


ng arrangement and structure of the movable appendages of 


1eralized insects. Among the Cyclorrhapha the parts retain 


discussions, the mouth-parts as a whole will be considered at 
this point. The appendages of the mouth of the generalized Dip- 


OF ? 
tera are feee, independent structures with their proximal ends 


DS ajeoent to the head-capstle. The cardines and stipites of the 
maxillae are exceptions to the above in that they are imbedded 

b che mesal membranous area of the caudal aspect of the head. 

‘ mouth- -parts, the labrum-epipharynx and the hypopharynx among 
the Calyptratae constitute a single complex mouth-appendage desig 
a as the proboscis. The chitinized parts of the proboscis are 
far removed from the head=capsule, but in this projection of the 
Rearts, the proximal ends of the chitinized appendages are joined 
“together and have the same relationship with each other as in 
‘generalized insects. 

the term proboscis is most applicable among the Cyclorxhapha 
Rncre the mouth-parts resemble the Calyptratae type. The probos- 


cis naturally divides itself into three areas at the two places 
where wea eanien it is withdrawn into the oral cavity. The 
three parts of the proboscis have been given varied and confus- 
hing names. Hewitt divides it into two general areas, the:ros- 


" 


trum and the proboscis proper as follows; The proboscis cons: 
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ists of two parts, a proximal membranous conical portion, the 
Vogtle 


strum and a distal half the proboscis proper which bears the 


al lobes. The term haustellum is also used for this distal half 


if 


ms the oral lobes ) and as a name it is probably more con- 


as the term proboscis is used for the whole structure,- 


"The terms rostrum and haustellum have been used in variuus 


ays by numerous workers in different orders; consequently the 


parts which they designate are by no means homologous. A more 


defined as the membranous, cone-shaped area between the ventral 


f) 
PAS 


margin of the head-capsule and the proximal ends of the theca. 
The tormae, labrum-epipharynx, hypopharynx and the maxillae are 


parts of the basiproboscis. The mediproboscis is the median sec- 
al 


tion of the proboscis and includes the theca and the chitinized 
cephalic Broove of the labium. It is equivalent to the haustellum 
of most authors. The distiproboscis is the enlarged dilated lobes 


at the distal end of the proboscis and is composed of the para- 


flossae, with their pseudotracheal areas, and the glossae. The 
& ? ? & 


listiproboscis is equivalent to the oral lobes or labellae. The 
movable appendages of the head have been discussed in the follow- 
ing order; antennae, mandibles, maxillae and labium. 

" Antennae.- The antennavof a generalized hypothetical dipter- 


ous head is many segmented and of a filiform type. All the seg- 


Saba . 
Hyments are similar except the two large proximal ones known as the 
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ape and pedicle. The scape articulates with the chitinized an- 
nnal Sclerites which bound the periphery of the antennal fossae 
at are located on the vertex dorsad of the arms of the epicran- 
11 suture. The antennae of the hypothetical one resemble the 


mtennae of many generalized insects. 


The antennae of the majority of the Nemo#scera resemble the hypd 


netical type and on the whole resemble each other. The variationg 
in the shape and size can be seen in the figures. Secondary sex- 
ual variation in a few of the Nemotocera where the antennae of 
the male, illustrated by Chironomus (hip. 20?) and Psorophora 

| 211), give rise to long flexible setae while those of the 
female are almost bare. 

|The antennae of the Brachycera show a wide range of develop- 
nent , however, the main line of specialization in the majority of 
the genera figured is toward the type found in Lonchoptera (Fig. 
223) @ma) Polichopus (Fig. 226). One of the striking exceptions 
this general line of development occurs in the geniculate type 
nd in Stratiomyia (Fig. 213). The antennae of the Brachycera | 
as a rule possess a Saher number of segments than the Nemotocera 
Bis scape and pedicle only undergo a slight change in this group, 
but the flagellum is greatly modified. The proximal segment of 

the flagellum or the third segment of the antennae is enlarged 
While the remaining segments are reduced in size so as to resem- 
ble Meee iesh of a whip. The lash-like portion of the antenna is 
plied the arista. The following genera suggest the various stag- 
Badan which the antennae have passed to attain the muscid type 


of development. In Tabanus (Fig. 214); Bmpis (Fig..215), Exopro- 


)sopa (Fig. 216), Promachus (Fig. 217), and Leptis (Fig. 218) the 
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lagellum is stylate in form and the third segment is large and 
ical in shape with one or more segments at its distal end. 


he antennae of Platypeze (Fig. 222), Londhoptera (Fig. 223), 


y 


Phiochaeta (Fig. 224), Oecothea (Fig. 227) and Dolichopus (Fig. 


v4 


226) show an advanced stage of development in which the third 


@ment is large and round and the remaining segments are lash- 
ie Saag 
like and located toward one side of the third segment. Ali but 


few of the antennae of the CZclorgznapha have apparently devel- 


Sairom a type similar to the last mentioned genera. The prin- 


r 


ipal differences between the antennae of this group occurs in 
Rs tenth and breadth of the third segment and in the modifica- 
ion of the arista. The antennae of Olfersia (Fig. 249) is a re- 
duced muscid type, located in deep cavities onithe cephalic as- 
ect of tie head; the scape and pedicle are greatly reduced and 
the arista is merely a small projection on the lateral aspect of 


the large segment. 


chitinized ring about the proximal end of the scape. The extent 
and location of the membrane with whith the antennae are connect- 
» 

6d varies considerably. In Trichocera (Fig. 16), Chironomus (Fig. 


iG 


@2), Psorophora (Fig. 11), Mycetobia (Fig. 7.), and others it is 


very extensive. 
pr 


_ A general survey of the antennae of the Diptera shows that 


among the Nemotscera they are generalized and on the whole resem- 
‘ble cach other. The specialized antennae of the Cyclorzhapha in 
all but a very few genera are of the muscid type and also quite 


ty 


“Similar in form. The antennae of the Brachycera present a few 
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pecialized types, but the majority of them show intermediate 


ages between the forms found in the 


orgnapha. 


| Mandibles.- Only a few of the generalized Diptera possess man- | 


Nemesocera and those of the 


weeeiney are present in the female of Simulium (Fits. 2 and 


250), Tabanus (Fig. 255 and 213), Psorophora (Fig. 159 and 251), 


icoides (Fig. 253), Dixa (Fig. 254), and Bibiocephala (Fig. 


155 and 256) and wanting in the males of all species examined 


xcept Simulium (Fig. 5 and 252). The males of Simuliun johannsen 


thi and Simulium jenningsiZ possess distinct mandibles. No other 


Males of Simulium were observed. So far as known this is the first 


record of a male dipteron possessing true mandibles. 


The hypothetical mandibles of a dipteron are long,thin, sword- 


iped Structures fitted for piercing. They would thus resemble 


the structure of the mandibles of Tabanus (Fig. 255) and Culicoi- 


des (Fig. 253). They are located between the clypeus, labrumn- 


epipharynx and the maxillae, and are closely associated with the 


invaginations or the anterior arms of the tentorium. Structurally 


the hypothetical mandibles do not resemble the biting mandibles 


of the Orthoptera, but their location and their association with 


jhe invaginations of the anterior arms of the tentorium are the 


fese. Their association with the invaginations of the anterior 


os and their location,is farfmore tt in determining the 


Bersiccy of the mandibles than any particular form they may assumé¢ 
The mandibles vary in their structure. In Psorophora (Fig. 251} 
they are long and needle-like while in Tabanus, Culicoides and 

_ the male of Simulium (Fig. 252) they are sword shaped and are 
“spindle-like in Dixe (Fig. 254.). The mandibles in the female of 
F, 
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46, 
imulium (Fig. 250) are a trifle longer than those of the male 


Pug. 252) and much broader at their distal ends. The greatest 
specialization in structure and point attachment with the head 
lecurs in the long, thin, saw-like mandibles of Bibiocephala (Fig} 
6)80a Blepharocera. They are longer than the labium, blunt at 
. @nd, and toothed along the mesal. margin and fit against a 
ilar edge on the lateral margin of the hypopharyhx. 
a mandibles of the Diptera are connected with the head-cap- 
: cephalad of the maxillae and caudad of the labrum-epipharynx 
a fronto-clypeus. In this respect they resemble the hypo- 
ynetical type. In Psorophora, Dixa, Simulium and Tabanus they 
are associated with the invaginations of the anterior arms of the 
eetoyiun. The proximal ends of the mandibles of Psorophora (Fig. 
159) are bent cephalad and articulate with the head-capsule at 

he distal ends of the crescent-shaped thickenings which arise 
isn ene margins of the invaginations of the anterior arms of the 
tentorium. In Dixa the mandibles connect with the head-capsule 
“at the Wenmuro-Caudal angles of the clypeus. An indistinct thick- 
ening extends dorsad from the point of articulation of each of 
ae mandibles toward the invaginations of the anterior arms of 
1¢é tentorium. The mandibles of Simulium (Fig. 250 and 251) and 
‘Tabanus (Fig. 317) connect with the head-capsule directly ventrad 
‘Of the invaginations of the anteriortarms,obut no direct connec+ 
tion occurs between them. In the female of Simulium the mandibles 
articutte with a hook-shaped projection of the vertex. The mandi- 
ies of Tabanus (Fig. 255) are bifurcate at their proximal end 
‘and the lateral bifurcation articulates with the head. The loca- 


tion of the mandibles of Bibiocephala and Blepharocera is general 
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| 47.1 
ized in respect to their position between the maxillae and the 
_fronto-clypeus, put their points of attachment with the head-cap-| 


q 


 sule is decidedly specialized. They unite with chitinized pillars| 


‘ 


wetpig. 85) on the caudal aspect ventro-laterad of the invagina- 
tions of the posterior arms of the tentorium. The proximal por- 
_ tions Of each mandible is a long chitinized strip imbedded in 
Bins membrane. These strips extend cephalad from their caudal aa: 
memection to the cephalic margin of the membrane about the mouth- 
parts. At this point where distinct tendons are attached they 
turn abruptly ventrad and become free appendages. All connection 
| between the mandibles and the invaginations of the anterior arms 
of the tentorium is lost. The relationship between the tentorium 
Bnaeune Mandibles has not been observed in Culicoides for the 


lack of material. No other families of the Diptera outside of 


those'.o which the above named genera belong, so far as observed, 


possess true mandibles or rudiments of the same. When mandibles 


are present, theyaare always of considerable size and probably 


fe | 


functional. 

A number of investigators have described mandibles for many 
Beccles not included in the above families. Langhoffer (1888) 
describes mandibles for the Dolichopodidae (Fig. 524 and 528) 

' Which are shown in this paperto be modifications of the epiphar= 
"ynx. The apodemes of the muscids (Fig. 304, 308 and others) have 
: been called mandibular tendons. This is incorrect as shown by 
the figures and discussion of the maxillae. A number of workers 
believe that the mandibles have united with the labium and exist 
as chitinized strips on the sephalic aspect of the labium or as 


thickenings on the meson of the theca. Neither of these interpre- 
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tations can be accepted when one takes into consideration the 


Beetative position of these so-called mandibles and the manner of| 

"development of the calyptrate proboscis. The chitinized thicken- 

oS on the cephalic aspect of the labium are located caudad of 
the maxillae and the hypopharynx. This does not agree with’ the 

"location of the mandibles of any other insect. Furthermore these 
_ thickenings are present in Tabanus where true mandibles occur. 

_ The ehitinized thickenings on the meson of the theca among some 
“of the Diptera cannot be considerdd as rudiments of mandibles for 
| many Peeasons. The most conclusive argument is in the fact that 
‘these thickenings are very prominent in Simulium where distinct 
mandibles are present in both sexes. 

When interpre#éting mouth-appendages, it is always necessary 

» to take into consideration the generalized relationship between 


a 


the mouth-parts and their association with the invaginations of 


the tentorium. It is also very desirable to observe a large series 


« 


j of forms before attempting to homologize the parts. The above in- 
terpretations were apparently not made from either of these view= 
- points. 

| Maxillae.- All Diptera having functional mouth-parts possess 
}. maxillae. They are, however, greatly reduced and modified in some 
"genera and at first glance bear little or no relation to the 
_ structure or location of the maxillae of generalized Diptera or 
Other insects. Numerous intermediate stages of maxillary develop- 
ment are present in the various species; consequently it is poss- 


ible and in fact comparatively easy to trace thruout the order 


the main line of specialization and several side lines 
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49. 
_ The hypothetical maxillae of the Diptera resemble the maxillae 
of @ generalized insect in their homologous sclerites, their loca 
sion between the mandibles and the labium and their close associ-| 
ation with the invaginations of the posterior arms of the tentor- | 
triangular cardines, 
5 Stipites, five segmented palpi, needle-like Zaleae and short 
‘laciniae. The cardines and stipites differ from those of general- 
ized insects in that they are imbedded in the mesal membranous 
marea ventrad of the occipital foramen. The palpi, galeae and la- 
ciniae are free appendages. The proximal ends of the cardines are 
‘adjacent to the invaginations of the posterior arms of the ten- 
torium. The structure and location of the various parts ofthe 
Me pithe tical type have been traced thruout the order. The species 


f 
Samewnten the ptilinum is wanting are considered first. 


Siewcerdines are small distinct triangular sclerites in Tricho 


"cera (Fig. 260), Rhyphus (Fig. 261), Dixa (Fig. 262), and the fe- 


)meale of Tabanus(Fig. 259). In these genera they are adjacent to 
the invaginations of the posterior arms of the tentorium. The car 
dines of Simulium (Fig. 258), male or female, differ from the 
above Benera in that they are large and occupy nearly all of the 
_ membranous area between the postgenae dorsad of the stipites. 
‘Their margins are ahso somewhat indistinct. No other forms fig- 
ured possess distinct sclerites that are homologous to the car- 
“dines of the hypothetical type. The maxillae of Rhabdophaga(Fig. 
268), Bibiodephala (Fig. 269) and Chironomus (Fig. 270) connect 
with the invaginations of the posterior arms by means of narrow 
chitinized processes which arise from the etipites proper. Un- 


doubtedly these pieces are reduced cardines which have lost the 
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re that separates them from the stipites. The presence of 
this suture is suggested by the suture-like depression in the 
ale of Bibiocephala (Fig. 76). Except for Promachus (Fig. 276) 
and the above forms, the cardo is wanting in all the maxillae fig 
Ben. The maxillae of Psychoda (Fig. 263) and Sciara (Fig. 267) 
Glosely resemble some of the above maxillae, but the cardines as 
chitinized pieces are apparently wanting. A distinct membranous 
S area exists between the proximal end of the stipites and the in- 
vaginations of the posterior arms of the tentorium. From forms 
"Such as these it is concluded that the cardines have been lost 
"as chitinized areas. Noodther interpretation seems possible with 
‘the evidence at hand. 
Bi’ The Stipites are of various shapes and sizes as can be seen 


ain the figures. In Rhabdophaga (Fig. 268), Bibiocephala (Fig. 


'269), and Chironomus (Fig. 270) and possibly Mycetobia (Fig. 90) 


) they have unite? to form a chitinized strip or plate in the mem- 
_ pranous area dorsad of the labium. This piece should not be con- 
)fused with the submentum of the labium. The proximal end of the 
“stipites are near the invaginations of the posterior arms of the 
_ tentorium in all species where the postgenae have not united ven- 
trad of the occipital foramen. In species where the postgenae 
_ form a continuous chitinized plate, the stipites are reduced 
ee and located at or beyond the ventral margin of the head 
Bin Mydas (Fig. 319) and Eristalis (Fig. 328). In other words 
_usual association between the maxillae and the invaginations 
Pine posterior arms has been lost. Psilocephala (Fig. 281) and 
Psorophora (Fig. 96) are exceptions to the last statement. In 


Psilocephala chitinized thickenings are present on the ental sur- 
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Sle 
ace of the postgenae peered of the occipital foramen and these 
are undoubtedly rudiments of the stipites. The stipites of Psor- 
a are long free rod-like structures located entad of thé 
sostgenae. They .extendnbetweeni theroccipitakiforamen and the ven- 
tral margin Of the head. The stipites of Gdéranomyia (Fig. 382) 
anc Limnobia (Fig. 386) are also entad of the postgenae. In these 
penera their proximal ends are united and they have no connection 
With the head-capsule. The stipites of Tipula (Fig. 277) Een 
im of eee sony. and Limnobia, but there is greater reduction 


A 
1 size and they are pete temasy’ united along their mesal margins, 


al 


thus forming a single median piece. 

The maxillae of Promachus (Fig. 84) differ from all other gen- 
era in that the stipites and cardines are united on the meson 
and continuous with the postgenae near the occipital foramen. 

- Narrow membranous areas separate the maxillae from the postgenae 
near the ventral margin of the head. This unique modification 

of the Maxillae agrees with the striking modifications in the 
“other mouth-parts. 

The figures show the variations found in other genera belong- 
“ing tO this group. In general it can be said that the stipites 
have been modified by reduction and by remaval to the ventral mar 
gin of the sed and in some Bae int poste ten, the basi- 


proboscis. 


The maxillary palpi of the Nemotecera figured have from two 


"segments, Geranomyia (Fig. 382) and the female of Psorophora (Fig 


261), to five segments. The usual number is four or five. In the 
'Brachycera only one articulating segment is present. The articu- 


lating segment in Tabanus (Fig. 259) connects with an elongated 
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oe Ok « 
portion Of the stipescwhich is called the palpifer by some workers 
4 


n this Study the palpifer is considered as wanting since no pals 
is of the Diptera pessesses over five segments and furthermore 
piece igs present at the base of any generalized palpus which 

- n be homologized with the palpifer of generalized insects. The 
createst reduction in the palpus of the Nemo¥écera occurs in Ger- 
anomyia (Fig. 388), while in the Brachycera the palpus of Mydas 
(Fig. 271) is a mere lobe. 

, A small finger-like structure arises from the ventro-mesal mar- 
gin of each stipes and projects mesad to the caudal aspect of the 
hy popharynx in Tabanus (Fig. 259) and Simulium (Fig. 258). Thise 
‘pieces ise apparently homologous with the lacinia of generalized 
insects. The distal endsof: this® projection: articulates against 
| 2 aspect of the hypopharynx and in this respect it dif- 
fers Grom peneralized insects. This piece in Tabanus has been 
Reperiped Hey lacinia by Patton and Cragg (1913). 

A distinct lobe is present mesad of the palpus in the majority 
of the Diptera that do not possess a ptilinum. This structure is 
unquestionably the galea, for in specializ&éd insects which possess 
Sewctdetanct galea the lacinia is generally reduced in size and in 
some Cases wanting. This tendency of development holds true with 
Dine Diptera. If the above pieces in Tabanus and Simulium which 
fare described as lacinia, are true lacinia there can be no questi 
“regarding the interpretation of the lobe adjacent to the palpus. 
‘The Balea vary considerably in size and shape. They are long and 
needle-like in Tabanus, the female of Psorophora, Empis (Fig. 274) 


and Exoprosopa (Fig. 285), while in Trichocera (Fig. 260), Dixa 


(Fig. 262), Sciara (Fig. 267), Bittacomorpha, Chironomus (Fig. 
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@7O), Lonchoptera (Fig. 280), Scenopinus (Fig. 282), and the male 


De Psorophora (Fig. 266) they are greatly reduced. In Bibio (Fig. | 


; $4) and Geranomyia (Fig. 382) they are mere rudiments. They are 


wanting in Rhabdophaga (Fig. 2ob), Tipula (Fig. 277), Helobia 


eeeee), Aphiochaeta (Fig. 278), Pipunculus (Fig. 279), Platy-|] 


“peza (Fig. 272) and Dolichopus (Fig. 284). 


Prom this point the development of the maxillae of the genera 


Hpossessing a ptilinum will be considered. No cardines or lacinia 


are @resent in this group. The maxillary palpi are one segmented 


_and present in all forms except Conops (Fig. 505). The stipites 
‘and galeae are present in all the species studied and they under- 
go decided morphological changes. All connection or association 


‘between the maxillae and the invaginations of the posterior arms 


‘ of the tentorium has been lost. This loss is even more pronounced 
. than Baume Brachycera since in all, but a few species figured the 
-maxillae are far removed from the head and located near the dis+ 
tal end of the well developed basiproboscis. The removal of the 
-maxillae among the Cyclorghapha has not altered their generalized 
et sition between the labrum*epipharynx and the labiun. 

The stiges of genera possessing a ptilinum show all stages of 
_ ingrowth from a turned in free edge or end, to forms where itcis 
_ entirely eéntad of the membrane of the basiproboscis.as in Musca. 
"-Eristalis (Fig. 286) and Exoprosopa (Fig. 285) are the only forms 
“without a ptilinum which show an ental growth of the stipes. 
“These genera make a good starting point for explaining the char- 
acteristic development found in the Acalyptratae and the Calyptra 
ins. The following scheme of lines and dots has been adopted on 


J 
the drawings in order to show the degree of ingrowth of the stipes 
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M continuous solid line on the stipes indicates a definite ectal 


"boundary which connects with the membrane of the basiproboscis. 


A broken line indicates an ental edge or end which is freeooftthe| 


-! 
7 


"membrane between it and the observer. The membrane is represented 
_ by stippling. For convenience of description and homology the | 
following divisions of the stipes has been made. St represents 
the ectal portion of the stipes and se the ental part. St is fur-| 
ether Givided into st-1 and st-2 as seem in Coelopa. 

In Exoprosopa (Fig. 285) the distal end of the stipes is free 
and entad of the membrane while the cephalic edge and the dorsal 
end are entad in Eristalis (Fig. 286). From a form similar to 
Eristalis it is possible to develop a stipes which would resemble 


) that of Sepsis (Fig. 287), Coelopa (Fig. 288), and Calobata (Fig. 


, 296). In Sepsis the palpus is greatly reduced, but it connects 
with an ectal portion of the stipes (st) which in turn gives rise 
to the free ental portion (se). The free ental part extends ven- 
trad and is continuous with the galea which emerges from the mem- 
_ brane near the wase of the labrum as a free apfendage. The stipes 
of Coelopa (Fig. 288), Sapromyza (Fig. 289), and Sphyracephala 
(Fig. 295) is similar to Sepsis, but in these forms the palpus 
arises from the cephalic margin of the basiproboscis. The palpus 
ee with the stipes proper by means ofalong chitinized 
strip (St-1) which is usually covered with setae. This ectal por- 
4 tion of the stipes (st-1) is present in all but a few genera such 
as Chloropisca, (Fig. 306), Heteroneura (Fig. 298), Chefyomya (Fie 
299), Loxocera (Fig. 300), and Euaresta (Fig. 292). In a number 
merot fOrms, particularily the Calyptratae, a small chitinized area 


is present ventrad of the palpus. This is considered as a secon- 
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dary G@hitinization. The ectal portion of the stipes which isi 2a- 
Spaiiea st-2 is present in the majority of the Acalyptratae and 
in one or two of the Calyptratae. 

The ental portion of the stipes (se) is always present in the 
members of this group. In Desmometopa (Fig. 303), Chloropisca 
Be(Pig. S06), Conops (Fig. 305), and the Calyptratae it has no con-| 

ection with the ectal portion of the stipes (st-2).and is com- | 
| monly designated as the apodeme by many writers. The free so-call 
ed apodeme is unquestionably derived from the ental ingrowth of 
the stipes as illustrated by the modifications found in the follov 
"ing genera, Coelopa (Fig. 288), Sapromyza (Fig. 289), Tetanocera 
(Fig. 297), Archytas (Fig. 309), Musca (Pig. 304) and others. 
| The development of the galea may be traced thruout the Cyclor- 
" rhapha in a manner similar to that of the stipes. In Eristalis 

(Fig. 286):the galea is a long free appendage arising from the 
ventral end of the stipes near the proximal end of the labrun- 

Suamueewnx. In its ventral extension it is adjacent to the later- 

al aeiine of the labrum-epipharynx. Its length and size is cgreat- 

ly reduced in Sepsis (Fig. 287), but its location is identical 

With that of Eristalis. Thruout the majority of the Acalyptratae 

ime toocgu1on Of the Zalea resembles that of Sepsis. Its size and 

form unaergoes some change as sanmbéenséen in the figures. Among 
/ the Calyptratae and in some of the Acalyptratae the galea artic- 
ulates with the proximal end of the labrum and is more or less | 
firmly connected with the same. The ectal exposure of the galea 

Zevery small in these forms. The large galea of the Acalyptratae 

| ) naé: been considered as labial palpisby a few workers. This inter- 


pretation is highly improbable. 
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Z biG. 
lum.- The labium is the most specialized and characteristic 


* 
endage of the mouth of Diptera. Its structural modifications 


a - 
2 very striking among the specialized genera such as the Cyclo 


at |. 
pha. These modifications are largely due to the reduction of 


38 


ao ; 
bs and to the excessive development of membranous areas and 


"In order to explain the unique development of the labium of 


e Diptera, it has been necessary to make a critical study of 


a, 
% 


1e generalized ecandition of this appendage as it occurs in the 
Jemotocera and to carefully compare it with the labia of more 

. Beeelized insects. As is well known the labium of a generalized 
nsect is the posterior , independent, flap-like mouth-part and 
ie ade up of a submentum, mentum and ligula. The ligula is 
Purther divided inte a proximal area which gives rise to palpis 
srs, palpi, paraglossae and glossae. The labium of a generalized 
lipteron resembles that of a generalized insect in its caudal 
‘position eGo 2g tbe independent condition, it is very different 
in structure. It is more or less enlarged and not flat and flap- 
like and the palpi and palpigers are always wanting, so far as 
observed. Since the docation of the palpi and the palpigers is 
important in generalized insects in orienting the sclerites 
the labium, their absence in Diptera makes it exceedingly 
difficult to correctly homologize and locate the submentumn, men- 
pe ahd the parts of the ligula. The membranous condition of the 
Labium also adds to this difficulty. 

oa order to get some light on this problem, a study was made 


i, 
Of the labium, particularily the submentum and mentum, of a num® 


“- 
fe With similar type of modification in other head and mouth-. 
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generalized insects of the more common orders. The 14%- 


Fe on this subject was examined, but no satisfactory results 


sre Obtained from this source. After a careful study of a number 
wa 


labia, the following Beneral facts which bear upon the labium 


i 


= 


‘Diptera, were noted. The submentum is the large proximal seg- 
nt, while the mentum is usually small and in some cases very 


Beeoitvinized and almost obsolete. The sutures separating 


mentum from the submentum and the ligula are only represented 
= : 
jy small remgnants in Melanoplus. The ligula, so far as observed, 


's the movable part of the labium while the mentum and submentum 
Bing or less firmly united with the head-capsule. The prox- 
mal part of the ligula is usually well developed and gives rise 
.0 the palpigers, palpi, paraglossae and glossae. The glossae | 
@ located between the paraglossae and in*number of forms it 


Was observed that a distinct depression or thickening extended 


proximad between the glossae andthe proximal margin of the lig- 


ei fie. 
With these interpretations as a basis for comparison, the la- 

eas of such generalized Diptera as Chironomus (Fig. 371), Simu- 
‘liun (Fig. 566), Trichocera (Fig. 365), Dixa (Fig. 375) and oth- 
ers may be interpreted as follows. The mesal membranous area of 


the caudal aspect of the head, which is bounded by the postgenae, 


a 


the occipital foramen, and the-proximal chitinized piece of the 

labium, is made up ee tid submentum, mentum and the cardines and 
stipites of ne maxillae. Since this area is largely membranous, 
Bate is impossible to détermine the boundaries of these sclerites. 
ey areas laterad of the cardines and stipites apparently belong 


to the maxillae, while the area mesad of these parts is made up 
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of the submentum and mentum. The important feature concerning 


his mesal membranous area is the fact that the maxillae and la- 
-. : + 
ijum both play a part in its constitution. This undoubtedly in- 


jeates that the more or less fixed nature of the submentum and 


fentum among generalized insects has been increased and more ex+5 


tensively developed in the Diptera and the submentum and mentum 


ure included with the membrane developed from the stipites and 
cm 

Neerdines. Such an interpretation is altogether possible since 
‘the proximal portions of the maxillae are adjacent to the sub- 


and mentum in generalized insects. 


"The liguia of the generalized Diptera agrees with the ligula 
of generalized insects in that it is the movable part of the la- 
‘pium. Structurally it is composed of a well developed proximal 
“area which gives rise to two large bulb-like puraglossae and to 
two small membranous glossae which are located between the para- 
" glossae. The palpigers and labial palpi are wanting but, if in 
_ the future some form is discovered which shows these structures, 
aie wild be undoubtedly found on the area here described ne 
The proximal portion of the ligula has a decide: furrow or 
- thickening on its caudal aspect along the meson. This thickening 
“is characteristic Of ao darge, number of. Diptera.and. in this res- 


" 
Mpect resembles the proximal portion of the ligula of a number of 


= 


generalized insects. This mesal thickening marks the line of fu- 
“sion of the two parts of the labium during See alc development 
yy The above interpretation of the labium is on the whole very 

_ satisfactory for the mumerous thedifiied types in the various fam- 


ailies. It is possible upon the above interpretation to formulate 


' an hypothetical labium. This has been done, but there has been 
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the more 


jortant secondary structures which are characteristic of the 
la of Diptera. It would be advisable to call such an hypothe 
typical labium in order to differentiate it from 
e Hypothetical type as used in other parts of this study. 
A typical labium of tlre Diptera is made up of the following 
rts. The submentum and mentum are firmly united with the head 
H Gonstitute the greater portion of the mesal membranous area 
the @audal aspect of the head. The ligula or mediproboscis and 
stiproboscis is the large swollen and movable portion of the 
m and is composed of a proximal portion which has on its 
Piasect a distinct chitinized area, commonly called the 
eca, and two large membranous paths tice paraglossae and two 
all membranous glossae located between the proximal parts of 
araglossae. the important and characteristic features of a 
al labium are the chitinized pieces on the caudal and later-| 
; pects of the paraglossae and the tracheal-like structures 
on the mesal SBepecis. The details of the various parts will be 
fare fullay discussed as each part is consideréd and its modifi- 
ions traced thruout the order. 


tS t 


“The Ssubmentum and mentum are present as a membranous area in 
Baajority of the Nemotocera and in the female of Tabanus (Fig. 
4). This area undergoes considerable modification as was seen 
in the discussion of the maxillae and the postgenae and illus- 
Emated by the figures. Rhyphus (Fig. 80 and 374) is apparently 
che Only genus which possesses a chitinigation within this area 


that cannot be considered as a modification o° the maxillae or 


fhe postgenae. This chitinized piece is a more or less indistinct 
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tinized, inverted flask-shaped area located between the 
“> 
millae. If this is a primary chitinization, it is more likely 


semendnt of the submentum. A similarily located area may be 


d in Mycetobia which has been homologized by some writers 


th that of Rhyphus. This interpretation is undoubtedly incor 

Be since this area in Mycetowia (Fig. 90) gives rise to chit- 
es joctions at its ventro-lateral angles and these in turn 
abot With the maxillary palpi and the galeae. Furthermore the 


lationship which this piece bears with the proximal end of the 
neca, would tend to disprove such an interpretation. This piece 


na My feetobia is undoubtedly 2 specietieation a specialization of 
ma 


> maxillae similar to the modifications found in Bibiocephala 


® 


4 * 85) and Rhabdophaga (Fig. 86). In all genera where the post 


ena have grown together on the meson, the submentum and mentum 
' ihe 
lave been eliminated unless one wishes to consider the area be- 
Py 
©an the ventral margin of the head and the theca as derived 


these areas. This area,as already described for the Cyclor- 
ie 


hapha is very extensive and forms the caudal portion of the 
s) Bae 

yasiproboscis. 
ees 

é _ proximal portion of the ligula or mediproboscis of the 


Leal type of labium is largely ie alge us, but - it possesses 


on its caudal aspect a distinct snieieized area, the theca, 


me the 
which has a distinct furrow on its meson. The shape, size and 


Rise | 
the m@eeree Of chitinization of the theca varies greatly as can 


be seen in Bibio (Fig. 364), Trichocera (Fig. 365), Rhyphus (Fig. 
Lo! 

$74), Promachus (Fig. 376), Tabanus (Fig. 391), Chyffomya (Fig. 

i 


411), Conops (Fig. 420), Rhamphomyia (Fig. 424), and Musca (Fig. 


as) ) 
ie A distinct furrow or thickening is present on the meson 


- fg 
of the majority of the Nemotecera and the Brachycera and rem@n- 
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aig @ : Bass 
mts of these thickenings also occur among the Cyclorghapha. In 


* De the genera of Diptera the structural condition of the 
jor: has a marked influence on the shape of the dorsal and ven- 
Margin of the theca. The cephalic aspect of the proximal 
portion of the ligula of a typical labium is concave and membran-| 


‘ 


and connects with the proximal part ofnthe lance-like portion 
of the hypopharynx. In the Nemotecera the cephalic aspect resem - 
‘bles the typical labium and in the Brachycera and thenmost of 
the Cyclorfhapha it possesses a distinctly chitinized groove. 
This is well illustrated by Tabanus (Fig. 392), Eristalis and 
“the majority of the Salyptratae. The degree of chitinization 
Rtaxies considerably and in some forms heavy chitinized cord-like 
Hpieces extend along the sides of the groove from the glossae 

“to the proximal end of the labiun. 

’ ferfhe Gdistiproboscis of the typical labium is composed of two 
large, independent, highly membranous, bulb-like paraglossae 
usaally called oral lobes or labellae and two, small membranous 
 glossae. Each paraglossashas on its lateral and caudal aspects 

a Y-shaped chitinized support which has been commonly called 
the furca. For convenience in description and as an aid in trac- 
ing the development ot the parts of the furca thruout the order; 


it has been divided into furce-1l which is the stem of the Y, 


o 


-furea-2 which is the dorsal arm of the Y and furca-3 which is 
Wthe ventral arm. The furca: articulates against a small sclerite 
_ Which is located between the proximal end of furca-1 and the 
distal end of the chitinized furrow on the meson of the theca. 
‘This piece has been given the name of sigma. Another small, in- 


4 


dependent sclerite is located in the membrane just laterad of 
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sigma and may be known as Kappa. Each paraglossa has on its 
sal aspect two trachea-like structures which arise from the 
proximal portion of the glossa, These structures are commonly 


signated as pseudotracheae. 


A general survey of the characteristics of the.paraglossae of 
various labia shows that they are usually bulb-like, membran 
s, and somewhat flexible. In these respects they differ deci- 


ledly from the firmly chitinized, flap-like labia of many gen- 

alized insects. Their size and shape varies greatly as can be 
/in Bibio (Fig. 364), Leia (Fig. 368), Promachus (Fig. 376), 
Micsavia (Wis. S82), Tipula (Fig. 384), Tabanus (Fig. 390), 
@onops (Fig. 417), Empis (Fig. 421), Siphona (Fig. 458), Musca 
fee ie. 467), Stomoxys (Fig. 479) and Olfersia (Fig. 488). The aged 

‘which the labia are put seems to have some influence on its 

Pata. The main line of development thruout the genera figured 
is toward a Calyptratae type, where Lney are usually large, de-. 4 
“cidedly membranous, and joined together on the dorso-caudal areas 
“as in Hydrote@ae? (Fig. 475), Sarcophaga (Fig. 477), Loxocera (Fig. 
46 


-U 


i), Sepsis (Fig. 439), Tetanocera (Fig. 463) and manycothers. 
: ‘The membranous development of the paraglossae is not always 
a good indication of a Galypterate type of specialization. Ina 
‘number of scattered genera, Chironomus,(Rhyphus, Aphiochaeta, 
Chloropisca, Platypeza, Leptis, Psilocephala, ard Lonchoptera, 
it is next to impossible to make out the chitinized pieces such 


as the kappae, sigmae and furcae because of the membranous con- 


i. . 
Gition of the entire labium. Outside of the above named forms, 


the chitinized pieces of the paraglossae aresdistinct. These sup 


ports may be secondary in origin or they may be remgngnts of 
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N 65. 
mer Chitinized parts of the paraglossae. It is possible to 


how how the various chitinized pieces of the majority of the 
abia may have developed from the typical type. 
aT. 


4 aoe sclerite designated as kappa on the typical labium is 
bec 


¢ 


aly present in Tabanus (Fig. 390 and 391), Tipula (Fig. 388), 
und Bittacomorpha (Fig. 85). No other dipteron gives any evi- 
lence whatsoever of sucha Saanies In the above mentioned gen- 

ra the pieces are embedded in the membrane laterad of the ven- 

tral ends of the theca. Someone has interpreted these pieces 

as rudimentary palpigers or labial palpi. This may or may not 
be correct. So far as their position is concerned, it would be 

‘possible to have palpi in such a khocation. Since no other genere 

possess Similar pieces and since they are so decidedly dissimi- 


lar to pabial palpi and palpigers of generalized insects they 

“are considered as Be secondary sclerites. 

F The sclerite designated as sigma is present as a chitinized 

_ thickening at the ventral end of the theca as in Eristalis (Fig. 
) or as a distinct piece in the majority of the Brachycera 


oe the Cyclorghapha. In all genera they are located between 


the ventral margin of the theca and the furca. Only a few gener 


i 
| 


of the Nemo#cera such as Tipula (Fig. 388) and Psorophora (Fig, 


I 

a + 

380) possess these sclerites. They undergo some modification 
a! 


in size and structure as can be seen in the following genera, 


re 


_ Tabanus (Fig. 391), Mydas (Fig. 597), Conops (Fig. 418), Bor- 


_borus (Fig. 437), Eristalis (Fig. 443), Coelopa (Fig. 448) and 
| Scatophaga (Fig. 470). 
The furca of Bibio (Fig. 315) and Tabanus (Fig. 317) resem- 


bles closely the typical type. In Bibio furca-1l and furca-< are 
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64. 
ne continuous piece while furca-3 is a distinct arm. Furca-£ 


id furca-3 in Tabanus are distinctly chitinized areas arising 


. 
at 


Prom the distal end of furca-1. Only one chitinized support is 
Bescnt in Sciara (Fig. 314), Rhabdophaga (Fig. 313), Psychoda 
Fig. Seep, Stratiomyia (Fig. 331) and Trichocera (Fig. 311). 

n Trichocera this support has a decided dorsal bend near the 

Meonstriction of the paraglossae. This bend is also present in 
Ssychoda and Stratiomyia, but the constriction is wanting. The 

al tal portion of the furca beyond the bend is homologous with 

furca-2, and furca-3 is wanting in{these forms. Furca-2 is pres- 

ent and furca-3 is wanting in Scenopinus; furca-3, however, is 

sresent "ed more species than furca-2. Such is the case with Eor- 
es (Fic. eae), Chrysomyza (Fig. 341), Coelopa (Fig. 337), 


snoce ra (Pig. 644), Seatophaga (Fig. 357), Musca (Fig.351), 


< 

Me 

“4 
é 


and Thelaira (Fig. 346). 

a Farca-1 wariles considerably thruout the order. In generalized 
eae were the dorso-caudal portions of the paraglossae are not 

_ Joined meeetner the furcae are always well separated. They are 
Nos . 


also separated in some forms where the paraglossae are joined 
‘. 


in Mydas (Fig. 397) and Eristalis (Fig. 443). In Chofomya 
(Fle. 411), Drosophila (Fig. 454), Tetanocera (Fig. 463), and 
‘Sepsis (Fig. 439), an intermediate piece joins the mesal ends 
of furcac-1 while in Sarcophaga (Fig. 477), Musca (Fig. 466), 
‘Goelopa (Fig. 448),:Sépromyza (Fig. 409), Chrysomyza (Fig.451), 
Bietoncurs (Fig. 459) and Oecothea (Fig. 452) furcae-1 are 
Baited and form one continuous U-shaped piece. This type of fur- 


"cae is present among the Calyptratae. The furcae of specialized 


"forms such as Olfersia (Fig. 488), Conops (Fig. 418), Siphona 
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{Fic. 355), Empis (Fig. 421), and others are not differentiated 


Bence the greater part of the lateral aspects of the paraplossae 


are chitinized. 


i 


®, in the typical labium two simple trachea-like structures, 


Beommonly known as pseudotracheae, arise form the proximal part 


"of each glossa and extend omto the mesal membranous aspect of 


each paraglossa. These trachea-like structures are in reality 


| small chitinized troughs which serve as conduits for the liquid 


_ food. Pseudotracheae are unique structures and peculiar to Dip- 


Borer? so far as known. They are present in ohly a few generalized 


_ forms and from these genera it is possible to develop the pseu- 


_ dotrachea] drrangement and structure of the more specialized 
e~*. 


Dp ptera. Since this is possible, it iS assumed that the pseudo- 
Dect | i 


= robably arisen 
_ trachese have,only aeice once within the order and this took 


place sometime after the group as a whole was set off as a dis- 


_ tinct order. 
Ae 


i 


4 The pseudotracheae of Tipula (Fig. 383) resemble the hypo- 


_ thetical type in that the two main pseudotraceae arise from éach 


glossa and extend over the mesal membranous area of eachpara-! 


P Biosea, one of the pseudotrachea extends oaudad and the other 


_ cephalad. These ducts are secondarily branched andresemble a 


fern, The pseudotracheae of Mycetophila (Fig. 607) and Leia (Fig 


+368) are reduced and only: the taudal pseudotrachea extend over 


.- the paraglossae. The paraglossae in these genera are united 


along their meson and form a single large lobe. The cephalic 


pséudotracheae are indicated by small rudiments in Mycetophila. 


The pseudotracheae in these forms resemble the typical type in 


Pies they are simple, unbranched, chitinized troughs. From the 
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a: + 
y Po. oe or from Wie conditions of the pseudotracheae as they 


ae 


a Tipula, it is possible to derive the arrangement and 


eture of the pseudotracheae as they maybe found in Mabanue 


Bervs 
Fig. $90) and similar forms where the two, long pseudotracheat 


munks extend eapneiad and caudad from each glossa and give rise 
SM ranches on their ventral side. These branches extend 
Bid over the entire mesal area of the paraglossa. The arrange 
Be or. the pécudotracheae of most @t Diptera is acres davtyen 
mn Re Similar to Tabanus. The arrangement in Scenon’nus 

4c. 400), Psildcephala (Fig. 403) and the Calyptratae resembles 


anus. In genera such as Stratiomyia (Fig. 396), Qecothea (Fig. 


3), Coelopa (Fig. 449), Heteroneura (Fig. 460) and others, no 


Cting ducts extend beyond the glossae. In many genera such 

ee 

eee opisca (Fig. 431) and Chgffomya (Fig. 412) no line of de- 

mei proximal ends 

fation can be drawn between the/bese of the pseudotracheae and 
| as 

1e gloss. 
el 


U-shaped Or open ringsdike thickenings are present in the pBeu 


eae 


dotracheae of the more specialized Diptera. 


4 


They do. not, otecur tm 


ta | 
the simple pseudotracheae of Mycetophila or in some of the highly | 
‘Ube £ 
ecialized forms. The histological structure of a pseudotrachea 


ee" clearly demonstrated by several workers, according to 


mmock, "The pseudotracheae on the inner surfaces of the labeled 
Ptcsce are Cylindrical channels, sunk, more or less deeply into 
od wuerace Of the labellae, according to the amout that that 
surface is imflated, and they open on the surface in zig-zag 
Slits. These channels are held open by partial rings, more strong 
‘ly chitinized than the rest of the membrane of the cylinder. As 


+ 
seen fron above in Musca,(Fig. 485), the psSeudotracheae appear to 
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x% The pseudotracheae of Eristalis are so nearly like those of 
@ vomitoria that I have not figured those of the former." All 
servations made on the histological structure of pseudotracheae 
sree with those made by Dimmock. “o attempt was made to work the 
stail of the histological structure in the various genera studied 
wever, a number of interesting facts were observed. The chit- 
Be? taenidia-like thickenings in Soathere (Fig. 445 and 483) 
e large U-shaped structures which are partially embedded in the 
brane. The ends of the U-shaped thickenings project to a con- 
jerable extent beyond the surface of the membrane and resemble 
ese structures in Bombylius major (Fig. 482) as figured by Dim- 
ek. The pseudotracheae of Calobata (Fig. 446) have developed 
rows of small chitinized teeth. 
‘The pseudotracheal area of the paraglossae undergoes its great 
St specialization in forms where the paraglossae assume a biting 
Lion. This biting type is brought about by the development 
of distinct chitinized teeth arising between the proximal ends of 
tije pseudotracheae. Rudimentary or well developed teeth occur in 
Musca (Fig. 467), Sarcophaga (Fig. 478), Scatophaga (Fig. 472), 
: (Fig. 481) and Stomoxys (Fig. 479). In Musca the small chit4 
inized Be-called prestomal teeth are present between the proximal 
nds of the pseudotracheae. In Scatophaga and Lispa these teeth 


ne large and distinct. Their greatest development occurs in Sto- 


nox S and so fap as observed the pseudotracheae are wanting in 


‘this. form. A @exe extansive discussion of the development and 
Netructure of the chitinized teeth of the paraglossae has been 


given by Patton and Cragg (1913). 
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| 68. 
The Blossae of a typical labium are two small lobes located 


etween ine proximal portions of the paraglossae distad of the 
Purrow on the theca and at the distal end of the cephalic groove. 


Thruout the order the glossae are between the paraglossae and at 
a 41.* 
fe distal end of the cephalic groove. They are npt well defined 


Structures in all labia. In Chironomus (Fig. 371) they are two 
ah 


mall membranous lobes while in Simulium (Fig. 366), Rhabdophaga 
is. 367), Bibio (Fig. 364), and Rhyphus (Fig. 374) they are 

n the form of a single median mem»ranous lobe. The glossae of 
im ium are of particular interest since they possesga great 

or Of minute, chitinized thickenings which radiate from the 
imal end. So far as known these thickenings bear no relation 


- eee the paraglossae. The glossae of Tabanus 
Fig. 591) are united and form a chitinized tridentate piece 

hn the median tooth the longest. The glossae of Lonchoptera 

, 407) illustrate an intermediate form between a pane Spine 
ae in Psorophora (Fig. 381), Aphiochaeta (Fig. 393), Empis 
422) and Exoprosopa (Fig. 426), and a U-shaped structure 
Ag so characteri#tic of the Cyclorrhapha. The glossae of 
Stine Calyptratae resemble in general the glossae of Musca (Fig. 
65). Th the genera of this group the cephalic ends of the U- 
}-shaped piece are pee and project cephalad from the point of 
ttachment of the pseudotracheae. The Pieasse are not well defin-| 


@d in a few genera,such as Sapromyza (Fig. 410), Chloropisca (Fig 


), and Chyfomya (Fig. 412) and it is impossible to differen- 


_tiate the. glossze from the chitinized groove of the mediproboscis 
gz 
"and the proximal ends of the pseudotracheae. The glossae of Fro- 


~ machus tFig. 479) are specialized in that they give rise to two 
A oe 
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69. 
hickenings which extend dorsad in the groove of the labiun and 


fe as guides for the hypopharynx and galeae. 


VII. EPIPHARYNX AND HYPOPHARYNX. 


The anterior end of the alimentary canal of the Orthoptera 


J 


* 
4 


* “sepa in general is divided transversely into two parts, 


etl the cuticular lining of the clypeus and labrum and the 
oe .. the lining of the opposite cide of the mouth cavity. 
ertjon lining the clypeus and labrum is known as the epi- 
eyo and the opposite side as the hypopharynx. Each lining 
Oe capaiviaed into several parts. These are of Spe ee 
Ta in the study of the epipharynx, which possesses a 
istinct, cGhitinized mesal piece and two lateral, chitinized 


acs which are located near the clypeo-labral suture. These lat 
r Bl ieces, which have been designated as tormae and so far as 
- are described here for the first time, project cephalad 
toward the clypeo-labral suture in Melanoplus and Gryllus and 


Bonnect With both the labrumaand clypeus. In Cryllus (Fig. 516) 
a Sar. 
"they are interpolaté between the clypeus and the labrum and 


’ 
As 


appear as small triangular sclerites on the cephalic aspect. The 


nae of Periplaneta (Fig. 514) are not as well developed as 


“in the above named genera, but they are present and project to- 


ward the cephalo-lateral corners of the labrum. The caudal end 


; the epipharynx in many insects gives rise to long chitinized 
*e i¢ 
“arms which have been called cornua. The hypopharynx may be sub- 


divided into a distal, unpaired, median piece which is usually 
_@ailed the hypopharynx and a proximal paired area. ; 
The chitinized portion of the anterior end of the alimentary 


| eanabrfof Dipteraican be homologized with the epipharynx and the 
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lypopharynx of generalized insects. The following hypothetical 


pipharynx. and hypopharynx and their closely associated parts 
wave been constructed for Diptera. In the figures of the lateral 
iew of the Ee caibe Lest type an enlarged, three-sided chitinized 
tube extends caudad from the dorsal end of the hypopharynx and 
he epipharynx and has been called the oesophageal pump. This is 
aa part of the epipharynx or the hypopharynx but, is a modi- 
‘fication of the pharynx, a portion of the alimentary canal. All 
tf the chitinized parts ventrad of the membranous area at the 


ce:halic end of the oesophageal pump belong to the epipharynx and 
Se aypopherynx. The dorsal ends of the epipharynx and hypophar- 
feeere united and form a single chitinized tube and this has 
Miiiesicnated as the basipharynx. Except for this union, the 
epipharynx and hypopharynx are continous chitinized pieces with 
their distal ends lance-like. The distal portion of the epiphar- 
eeas. jOined to the labrum by a membrane along its lateral mar- 


gins. The tormae in the hypothetical type project from the later- 


. al margins of the epipharynx and unite with the latero-mentral 


portions OG the fronto-clypeus. Two projections occur .at the 
dorsal end of the basipharynx and these are considered homologous 
wi Deeme.cornua of the epipharynx of generalized insects. 

Mistel end of ite hypopharynx is a free lance-like organ and a 
salivary Guct enters its proximal end just dorsad of the place 
Pearce it, j0ins the labium. The salivary duct extends thru the 
_hypopharynx to its distal end. 
») The oesophageal pump of the alimentary canal is closely asso- 
Beieied with the epipharynx and hypopharynx in all the Nemotocera 


"and in Promachus (Fig. 517), Tabanus (Fig. 494), Leptis (Fig. 520} 
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& { 
sand Psilocephala (Fig. 533) of the Brachycera. In the majority of 


the above forms, the pesophageal pump is an elastic, semi-chitin- 
“ized, three-sided tube with muscles connecting with each of its 
surfaces. The muscles on contaction a the tube and upon re- 
daxation the tube assumes its normal shape. In some forms as Ta- 

and Promachus there is only one chitinized, elastic surface 
an a number of genera as Chironomus (Fig. 431), Psychoda (Fig. 
529), and Leptis (Fig. 520) the tube is more or less membranous 
and not distinctly three-sided. The oesophageal pump is wanting 
in all the Diptera except those named and the membranous oesopha- 
gus connects directly with the basipharynx. in all other genera 
examined. The oesophageal pump shows eonsiderable variation in 
its shape, position and size as cannbe seen in the figures of 

 ‘Bibio (Fig. 520), Rhyphus (Fig. 508) and others. 

«The basipharynx is i aod as including all of the united 

: portions of the epipharynx and hypopharynx but the extent of this 
union varies somewhat in the different genera. Among the majority 
f of the Nemotocera no sutures or constrictions occur between the 

| basipharynz and the lance-like portions of the epipharynx and 
the hypopharynx. Constrictions and secondary sutures do occur in 
the majority of the Brachycera,as Leptis (Fig..520), Promachus, 
and fees Of the Cyclorrhapha. The basipharynx varies in size, 

- andyshape as can be seen in the figures. Muscles connect with 

‘ the cephalic and caudal aspects of the basipharynx, those on the 

_ cephalic aspect expand the basipharynx and thus bring about suc- 
tion. This sucking apparatus is well developed in all forms which 
do not possess an oesophageal pump. The chitinized projections 


at the dorsal end of the basipharynx, designated as the cornua, 
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ary in shape and size. Some are blunt, others long and narrow 
as in Leptis and the Calyptratae, and others are disk-shaped as 
in Promachus CR ge Sia 
‘Distinct tormae are present in Diptera except a few species 
of the Nemowgcera. In all*the Nemotocera and in Leptis (Fig. 520) 
Peilocephala (Fig. 533), Platypeza (Fig. 543), Aphiochaeta (Fig. 
544), Henchoptera (Fig. 539), and Scenopinus (Fig. 538), they re- 
semble tne hypothetical type in that they join with the fronto- 
elypeus. fytati other génera the bormaghave an exposed portion 
cated ventrad of the fronto-clypeus and all-connection between 
ee fronto-clypeus and the tormae is lost, except in Simulium 
(Fig. 497 and Tabanus. The variations in the shape and extent of 
tormae is well illustrated by the numerous figures. The so- 
Fulerunfiescribed by numerous morphologists for the. Calyp- 
e is therefore wemposed of the tormae and the basipharynx. 
A more or less distinét:sécondary suture is indicated in the draw 
‘ings as separating the tormas from the basipharynx and the brok-}| 
. WAratne @n the tormae indicating the place of connection of the 
"membrane of the basiproboscis with the tormae. This same line 
in the Nemo#gcera and the forms which have the tormae connecting 
with the fronto-clypeus also indicates the piace of union between 
these parts. 
The €pipharynx is present and closely associated with the la- 
brum in all Diptera having functional mouth-parts. The interre- . 
lationship between the epipharynx and the labrum has been discuss 


eduunder labrum. The epipharynx in a number of generalized Dip- 


%era such as Tahanus (Fig. 494), Simulium (Fig. 497), Dixa (Fig. 


Ber), Limnobia (Fig. 507), Sciara (Fig. 513), and others, resem- 
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bles the hypothetical type. In the majority of the Diptera it 
ffers from the hypothetical type in that it is completely sep- 
arated from the basipharynx by a constriction or a secondary su- 
wture. This hinge in the epipharynx permits the proboscis to bend 
at this point when it is withdrawn into the oral cavity. The 
‘lance-1ike portion of the epipharynx among the Calyptratae and 
cher Torms is completely separated from the basipharynx by the 
development of a special piece which is commonly called the hyoid 
“The lance-like portion of the hypopharynx also articulates a- 
gai inst the hyoid. The hyoid is a Wo de. Teh origina- 
ted from the epipharynx or the hypopharynx and serves the purpose 
of keeping Open the alimentary canal which passes thru it. A 
‘Stmucture, similar to the hyoid of Musca (Fig. 600), is found in 
moxys (Fig. 599) where a large and strong trachea-like tube 
Rdetends between the dorsal ends of the lance-like portions of the 
 epipharynx, hypopharynx, and the basipharynx. 

‘ ‘The Size and shape of the epipharynx corresponds more or less 
closely Watun that of the labrum. The epipharynx as a rule in suck 
ing Diptera 7s long and needle-like while in other forms it is 
Sagan y wer. and blunt. In a number of the genera ofhthe Acal- 
“yt ratae the epipharynx has a secondary transverse suture near 
‘its G@ieval end, as in Sepsis (Pig. 583), Eristalis (Fig. 5889 
and many others. 

& A few genera show special modifications of the epipharynx. 
This is particularily true of Dolichopus (Peg. 5e4 and 528). In 
this genus the epipharynx closely resembles the hypothetical type 

' in the possession of a distinct wb bate aeteeen the labrum and 


., 
the epipharynx. The specialization of the epipharynx occurs in 
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74. 
‘the bifurcation of its distal end and the presence of a long 


"@lmb-shaped piece which projects from its meson dorsad into the 
peavity formed by the basipharynx, the tormae and the fronto-cly- 
peus. These modifications are peculiar to this family. The bifur- 
_ cations eG the distal end are of particular interest in that they 


_ have been interpreted as mandibles by Langhoffer (1888). They 


are much larger in some of the genera of the Dolichopodidae than 


in others. The lateral and caudal views of the epipharynx and 
hypopharynx of Dolicho;us show clearly the redation these pro- 
jeetions have to the other parts and justify the interpretation 
here given. 

The single, median, distal, eae portion of the hypo- 
pharynx is present in all but a few of the genera studiéd. The 
cephalic aspect of the labium usually connects with the lance- 
like portion of the hypopharynx just ventrad of the point of 
entrance of the salivary duct. In a few cases, as in Borborus 
(Fig. 565 to 567), the hypopharynx is completely fuséd with the 
labium,while in others, as Euaresta (Fig. 572) it is nearly so. 
In the majority of the genera the secondary separation of the 
Bence=iiKe portion of the hypopharynx from the basipharynx cor- 
responds with the similar separation in the epipharynx. The shape 
and size of the hypopharynx also varies considerably as can be 
seen in the figures. In the mouth-parts fitted for sucking and 
Piercing the hypopharynx is usually long and needle-like, while 
in licking types, most Calyptratae, it is greatly reduced. 

. The salivary duct enters the proximal portion of the lance- 
‘like part of the hypopharynx and in most cases before entering 


it comtinues as a duct or groove along its cephalic aspect. Th 
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Heourse Of this duct or groove is indicated in the figures of the 
“caudal aspect of the hypopharynx by broken lines. The salivary 
/ duct before entering the hypopharynx is enlarged and vbilb-like 
)) 2m many species. In-Tabanus (Fig. 494) the salivary bulb is a 


‘= 
- chitinized structure continuous with the hypopharynx while in 


))Promachus (Fig. 517) it is chitinized, but separated from the 


_ hypopharynx. A chitinized bulb and an enlarged membranous swell- 
; Pau ape both present in Dolichopus (Fig. 528). ; 
"The peculiar epipharynx and hypopharynx of Olfersia (Fig. 606] 
/ Gan be homologized with the more common types found thruout the 
meorder. The principal difference is in the shape and position 
' Of the basipharynx, tormae: and the hyoid. The two lance-like 
a structures embedded in the deep membranous depression about the 
oral cavity are the labrum-epipharynx and the lance-like part 
of the Benepe vax: The long crescent~shaped piece which extends | 
cephalad from the proximal end of the labrum-epipharynx to the 
pear-shaped piece is homologous with the hyoid, and the pear-shap 
ba vith which the hyoid conneets is composed of the tormae and 
_ the basipharynx. The exposed parts in the membrane ventrad of 
the head Ye very small in this genus. 
* Only rudiments of nouth-parts occur in the head of Gastrophi- 
Tus (Fig. 490 to 492). The anterior end of the alimentary canal 
ds a simple chitinized tube which leads to the small opening on 
the ventral aspect of the head. This tube undoubtedly originated | 
from the epipharynx and the hypopharynx. The mouth-parts are 
| greatly reduced or wanting. It is possible that the small bulb- 


like structures located latero-cauddad of the opening are remen- 


ants of the labium. It is impossible to homologize the other 
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minute modifications surrounding the mouth-opening. 
| In the Cyrtidae, ascOncodes (Fig. 109, 486 and 487 ), the mouth- 
)parts show a greater reduction than in Gastrophilus. A chitin: 
ized ring is present in the membrane which covers the oral cavity 
paca broad plate extends doread from its caudal margin which 
gives rise to a small membranous tube, the oesophagus, which has 
‘no opening Zo. the exterior so far as could be determined. It is 
impossible to homologize the parts within the oral cavity. The 
ental plate which gives rise to the oesophagus may be homologous 
Math the basailportion of the epipharynx and the hypopharynx. 
“A general survey of the epipharynx and hypopharynx shows that 
#hearélationship between these parts and the head-capsule cor- 
responds with the relationship between the mouth-parts and the 
head. Since the epipharynx and the hypopharynx are always con- 
Menecucd With the labrum and the proximal part of the léium , they 
_ are projected ventrad when the labrum and labium are extruded. 


The interrelationship between the mouth-parts and the epipharynx 


Seema mypopharynx is fixed and is never changed thruout the order 


"no matter what otherispecializations may take place. The strik- 

ing feature concerning the epipharynx and the hypopharynx of 

_ various genera having functional mouth-parts is their decided 

St witarity thruout the order and emphasized by the numerous 
figures. The parts undergo secondary changes in their size and 

Be tave ; but in no case is there an entire loss of a part whibh 

happens with the mouth-appendages. The epipharynx and hy pophar- 
ynx of the Calyptratae in particular show a development of jointk 


‘ ; a 
secondary sclerites, and membranous areas which permit of,con- 


siderable amont of flexibility. 
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VIII. SUMMARY. 


“This investigation deals with the homology of all the scler- 


mbes Of the fixed and movable parts of the head of one or more 


y SiSty-nine of Diptera - 
epresentatives of fifty-three of the sdiety families. With this 


marge series it has been possible to make clear a number of lit#! 

tle, understood relationships and structural modifications in the 

head and mouth=-parts , and also to point out their homology with 

BE eerecponding parts and areas in insects of other orders. 

fhe six hundred and more figures show the form and structure of 

ali the parts for each of the families studied. 

The modifications in the fixed and movable parts are due prin- 
@ipally to reduction. change in form, the loss of chitinization 
and the increase in thecextent of the membranous areas. The dif- 
@erent parts have been discussed separately and ah hypothetical 

sor typical type formulated for each. 

One of the most important interpretations pertaining to the 
Generalized head-capsule is in respect to the location of the 
epicranial suture. The stem of this suture along the dorso-meson 
represents the line of fusion of the paired a eee the head 


1 
‘ 


Whiletthe arms of the suture ventrad of. the antennal fossae en- 
¢ 


close the unpaired scherites of the head. This suture resembles 
the epicranial suture in the immature stages and the adult forms 
of all the generalized members of the more common orders. 

_ wo unpaired sclerites, front and clypeus, are @éncloséd by 


a 
‘the fork of the epicranial suture and.are continuous areain all: 
“fi ODF 


put “dhe or two genera, sae designated as the fromto-clypeus. 


> The labrum is an unpaired,distinct ,tongue-like structure loca- 


ted ventrad of the fronto-clypeus. It is joined with the epiphar* 
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1x and eee ess tzdetanes aise known as the labrum-epipharynx. 

i The tormae are the chitinized lateral pieces of the epipharynx 
ich project cephalad and join with the fronto-clypeus in gen- 
Braiized Diptera. They are also vresent in such generalized in- 
sects as the Orthoptera. In the more specialized Diptera the tor- 
mae are interpolated between the fronto-clypeus and the labrum 

and in all but a few genera logse all connection with the chitin- 
“ized portions of the fronto-clypeus. Their exposed surface is 

eat seen from a cephalic view. 

harne Grescent-shaped frontal suture dorsad of the antenna# fos- 
sae marks the line of invagination of the ptilinum. The origin of 
the ptilinum has not been determined. 

L ‘The vertex is the paired continuous area on the cephalic aspec 
of the head, and the region of the vertex ventrad and mesad of eacl 
sompound eye is a gena. 

The compound eyes are usually large, and located on the cephalo 
lateral aspects of the Head. and show secondary sexual characters 


ina greater number of species than any other of the fixed and 


angle and located on the vertex dorsad of the bifurcation of the 
arms of the epicranial suture. 

| The occiput and postgenae are continuous areas on the caudal 
aspect. The former occupies the dorsal portion and is secondarily 
modified about the occipital foramen to form the pardcciput. The 
postgenae jare the two areas of the ventral half, separated by a 
membrane in generalized forms and united ventrad of the occipital 
‘foramen in all the Brachycera and the Cyclorrhapha, They are also 


secondarily dividei into parapostgenae along the mesal membrane. 


Movable parts. The three ocelli are arranged in the form of a tri+ 
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The tentorium of generalized Diptera is represented by the 


— 
usual three pairs of arms andaa rudimentary body of the tentorium 
Hit undergoes striking modifications ,and influences to a consider- 
Pit. extent the detailed structure of the head. The relationship 

petween the invaginations of. the tentorium and the movable appen- 
Beware of the mouth,which is so important a fcature of all general 


_ ized insects,is also characteristic of the wemere ef this order. 


The development of the antennae from a generalized filiform 


type to that found among the Cyclorrhapha can be traced vitn the 


| figures. 

Only a few generalized Diptera possess mandibles, which are 
présentconlg in the female, except Simulium, where they are well 
developed in both sexes. 

All Diptera having functional mouth-parts possess maxillae. 
The maxillae of generalized Diptera resemble the maxillae ef gen 
eralized insects except for the absence of palpifers and the fu- 
sion of the Seiinoe and stipites with the head-capsule. The max- 
‘i illae undergo considerable modification and are reduced to a 
| mere ental rod and a palpus in the Calyptratae. 

The labium is the most characteristic and specialized appendags 
of the mouth and shows modifications due to the reduction and 
membranous development, The palpigers and labial palpi are always 
peenting . The submentum and mentum are represented by a membranous 
area of the caudal a: eet of the head. The ligula,or the-movable 
portion of the labium ,pessesses a basal part which usually gives 
rise to two large bulb-like paraglossae and to glossae which are 

have 


located between them. The paraglossae are specialized and pessess]] 


chitinized areas on their lateral and caudal aspects and pseudo- 
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pacheae On their mesal aspects. 


- The parts of the epipharynx and the hypopharynx cannbe homol- 


azed with the corresponding parts in generalized insects. There 


isa @reat similarity in the form and shape of the epipharynx and 


‘hhypopharynx of all the Diptera which is especially striking 
a as 

len considered in the light of the modifications that have taken 
place in all other parts. 


“The various mouth-parts show striking structural modifications 
! on the orfer, but in all cases, including the epipharynx and 
Mr epterynx, toe retain their relative position even tho 
Bey ay he extruded from the head-capsule for a considerable dis 
ance as in some of the Calyptratee. The proboscis of the Cyclor- 


hapha is composed of the labiun, maxillae, hypopharynx, labrum- 
epipharynx and tormae. The paraglossae of the labium form the 
ee or labellae at its distal end. 

a Se tn parte of Oncodes and Gastrophilus are not function- 


feGeand’ are so greatly reduced that itiisidifficult to homoloriz¢ 


. ize thetr parts. 
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EXPLANATION OF PLATE I. 


Cephalic Aspect of the Head. 


1. Hypothetical Head. 

©. Simulium venustum, female. 

3. Simulium Johannseni’, male. 

4. Bibiocephala elegantula, male. 

5. Bibiocephala elegantula, female. 

6. Rhabdophaga strébiteidese 

7. Mycetobia divergens. 

8. Psychoda albipennis. 

9. Rhyphus punctatus. 

10. Psorophora ciliata, female. 

11. Psorophora ciliata, male. 

lz. Chironomus ferrugineovittatus, female. | 
13. Bibio femoratus, male. } 
14. Bibio femoratus, female. 

15. Ptycheptera rufecineta. 

16. Trichocera bimacula. 

17... Seciara varians, 


18. Tipula bicornis. 


EXPLANATION OF PLATE II. 


Cephalic Aspect of the Head. 


19. Dixa clavata. 

20. Tabanus gigantjus, female. 

el. Tabanus gigantgus, male. 

coe Promachus vertebratus. 

2o. Hristalis tenax, female. 

24. Eristalis tenax, dorsal end of clypeusy 
co. Eristalis tenax, male. 

26. Empis clausa, male. 

27. Stratiomyia apicula, male. 

28. Stratiomyia apicula, female. 

29. Exoprosopa fasciata. 

50. Mydas clavatus. 

51. Aphiochaeta agarici. 

5e-e Platypeza velutina. 

3. Psilocephala haemorrhoidalis, male. 
4. Leptis vertebrata, female. 

35. Leptis vertebrata, male. 

36. Psilocephala haemorrhoidalis, female. 
57. Lonchoptera lutea, female. 


58. Pipunculus cingulatus, female. 


EXPLANATION OF PLATE III. 


Cephalic Aspect of the Head. 


Pipunculus cingulatus, male. 
Empis clausa, female. 
Sscenopinus fenestralis, male. 
Scenopinus fenestralis, female. 
Dolichopus bifractus. 
Calobata univitta. 

Drosophila ale lophila. 

Sepsis violacea. 

Desmometopa latipes. 

Oecothea fenestralis. 
Heteroneura flavifacies. 
Chyromya concolor. 
Chloropisca glabra. 
Sphyracephala brevicornis. 
Oncodes costatus. 
Gastrophilus equi. 

Tetanocera plumosa. 

Ochthera mantis. 


Olfersia ardeae. 


BOATEH, FLT. 


Fig. 58. 
Pig. S96 
Fig. 60. 


Fig. 


EXPLANATION OF PLATE IV. 


Cephalic Aspect of the Head. 


Coelopa vanduzeii. 
Loxocera pectoralis. 
Sapromyza vulgaris. 
Euaresta aequalis. 
Scatophaga furcata. 
Borborus equinus. 
Chrysomyza demandata. 
Thelaira leucozona. 
Sarcophaga haemorrhoidalis. 
Conops brachyrhynchus. 
Archytas analis. 


Hydrotaea dentipes, female. 


. Hydroteea dentipes, male. 


Musca domestica, female. 


Musca domestica, male. 


PLATE IV. 


735. 


EXPLANATION OF PLATE V. 


Caudal Aspect of the Head. 


Hypothetical Head. 

Tabanus cigantfus, female. 
Tabanus gigantZus, male. 
Bibiocephala elegantula, male. 
Simulium venustun, female. 
Trichocera bimacula. 

Dixa clavata. 

Rhyphus punctatus. 

ociara varians. 

Psychoda albipennis. 
Bibiocephala elegantula, female. 
Promachus vertebratus. 


Bittacomorpha clavipes. 


-Rhabdophaga strobiloides. 


Mycetophila punctata. 
Chironomus ferrugineovittatus. 


Chironomus ferrugineovittatus, 
dorsal aspect of the head. 


Mycetobia divergens. 


PLATE V. 


Fig. 
Fig. 
Pig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Pig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
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EXPLANATION OF PLATE VI. 


Caudal Aspect of the Head. 


Ql. 


92. 


Bibio femoratus, malei-: 

Bibio femoratus, female. 
Limnobia immatura. 
Sphyracephala brevicornis. 
Tipula ®ieCornis. 

Psorophora ciliata, female. 
Empis clausa, female. 
Exoprosopa fasciata. 

Mydas clavatus. 

Psilocephala haemorrhoidalis, female. 
Ochthera mantis. 

Lonchoptera lutea, female. 
Leptis vertebrata, male. 
Stratiomyia apicula, male. 
Oncodes costatus. 

Pipunculus cingulatus, female. 
Scenopinus fenestralis. 
Dolichopus sp? 

Oncodes costatus, ventral aspect. 
Platypeza velutina. 
Aphiochaeta agarici. 


Dolichopus bifractus, lateral 
margins incomplete. 
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PLATE VI. 


EXPLANATION OF PLATE VII. 


Caudal Aspect of the Head. 


113. Eristalis tenax, female. 
114. Calobata univitta. 


115. Sapromyza vulgaris. 


116. Lispa nasoni, margin incomplete. 


117. Conops brachyrhynchus. 
118. Sepsis violacea. 
119. Tetanocera plumosa. 


120. Myiospila meditabunda, 
margin incomplete. 


121. Coelopa vanduzeii. 

lize. Chyremya cencolor. 

123. Loxecera pectoralis. 
124. Archytas analis. 

125. Drosophila arfelophila. 
126. Heteroneura flavifacies. 
127. Hydrotaea dentipes. 

128. Thelaira leucozona. 

129. Desmometopa latipes. 
130. Sarcophaga haemorrhoidalis. 
1351. Euaresta aequalis. 

132. Chlorepisca glabra. 

1335. Musca domestica, female. 
134. Chrysomyza demandata. 
135. Scatophaga furcata. 


136. Borborus equinus. 


PLATE VII. 


EXPLANATION OF PLATE VIII. 


Caudal and Lateral Aspects of the Head and the Tentorium. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Pig. 
Fig. 


Fig. 


137. 
138. 


1359. 


Oecothea fenestralis, caudal aspect. 

Gastrophilus equi, caudal aspect. 

Olfersia ardeae, caudal aspect. 

Hypothetical Type, lateral aspect. 

Hypothetical Type, lateral devene of the tentorium 
Tabanus eigant&us, female, lateral aspect. 

Tabanus eigantius, lateral aspect of the tenterium. 
Simulium venustum, female, lateral aspect. 

Leptis vertebrata, male, lateral aspect. 

Mydas clavatus, lateral aspect. 


Promachus vertebratus, lateral aspect. 


Promachus vertebratus, lateral aspect of the tentorium]} 


Scenopinus fenestralis, female, lateral aspect. 
Sciara varians, lateral aspect. 

Pipunculus cingulatus, lateral aspect. 
Chironomus ferrugineovittatus, lateral aspect. 
Bibio femoratus, female, lateral aspect. 


Bibio femoratus, male, lateral aspect. 


PLATE VIII. 


dE 
Olfersia 


| 


See 


142 Tabanus ¢ P\ a v y 
KKNL 144simuium 2 


Hypothetical 


/ / Promachus g ; 
df 147 148 149 Scenopinus ¢ 


Promachus 


y, 
OO 
Pipunculus Chironomus / Bibio¢ 


161 152 1538 


EXPLANATION OF PLATE IX. 


Lateral Aspect of the Head showing the Tentorium. 


Fig. 155. Bibiocephala elegantula, female. 
Fig. 156. Bibiocephala elegantula, male. 
Fig. 157. Rhyphus punctatus. 

Fig. 158. Trichocera bimacula. 

Fig. 159. Psorophora ciliata, female. 

Fig. 160. Stratiomyila apicula, male. 

Fig. 161. Mycetobia divergens. 

Fig. 162. Exoprosopa fasciata, eye removed. 
Fig. 163. Dima ciavava- 

Fig. 164. Empis clausa, female. 

Fig. 165. Platypeza velutina. 

Fig. 166. Psychoda albipennis. 

Fig. 167. Eristalis tenax, female, eye removed. 
Fig. 168. Dolichopus bifractus, eye removed. 
Fig. 169, Lexocera pecteralis. 

Fig. 170. Rhabdophaga strobiloides. 

Fig. 171. Sapromyza vulgaris. 

Fig. 172. Drosophila amelophila. 

Fig. 173. Psilocephala haemorrhoidalis, female. 
Fig. 174. Aphiochaeta agarici. 

Fig. 175. Buaresta aequalis. 

Fig. 176. Heteroneura flavifacies. 

Fig. 177..Lonchoptera lutea. 

Fig. 178. Tipula bicornis. 


Fig. 179. Chyromya concolor. 
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EXPLANATION OF PLATE X. 


Layeral Aspect of the Head. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fir, 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Pig. 


180. Tetanocera plumosa. 

181. Chrysomyza demandata. 
182. Coelopa vanduzeii. 

185. Cahbobataiunivéitta. 

184. Sepsis violacea. 

185. Desmometopa latipes. 

186. Conopé brachyrhynchus. 
187. Ochthera mantis. 

188. Borborus equinus. 

189. Chloropisca. 

190. Sphyracephala brevicornis 
191. Sarcophaga heemorrhoidalis. 
192. Oecothea fenestralis. 
193. Scatophaga furcata. 

194. Musca domestica. 

195. Hydrot8%# dentipes. 

196. Thelaira.leucozona. 

197. Archytas analis. 

198. Olfersia ardeae. 


Antennae. 


Dixa clavata. 

Trichocera bimacula. 

Rhabdophaga strobiloides. 

Psychoda albipennis. 

Bibiocephala elegantula. 

Simulium venustunm. 

Sciara varians. 

Chironomus ferrugineovittatus, female. 
Chironomus ferrugineovittatus, male. 
Bibio femoratus, female. 
Rhyphus punctatus. 

Psorophora ciliata, .female. 
Psorophora ciliata, male. 
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EXPLANATION OF PLATE XI. 


Antennae. 


cl2. Mydas clavatus. 

213. Stratiomyla apicula. 
Tabanus gigantgus. 
Empis clausa. 
Exoprosopa. 

Promachus vertebratus. 
Leptis vertebrata,. 
Sscenopinus fenestralis. 
Oncodes costatus. 
Conops brachyrhynchus. 
Platypeza.velutina. 
Lonchoptera lutea. 
Aphtochaeta agarici. 
Tetanocera plumosa. 
Dolichopus bifractus. 
Oecothea fenestralis. 
Desmometopa latipes. 
Heteroneura flavifacies. 
Thelaira leucozona. 
Borborus equinus. 
Eristalis tenax’. 
Chuyomya concolor. 
Sepsis violacea. 
Loxocera pectoralis. 
Calobata univitta. 
Ochthera mantis. 
Drosophila anelophila. 
Gastrophilus.équi. 
Euaresta aequalis. 
Hydrotaea dentipes. 

. Musca domestica. 
Pipunculus cingulatus. 
Sarcophaga haemorrhoidalis. 
Chrysomyza demandata. 
scatophaga furcata. 
Archytas analis. 
Sapromyza vulgaris. 
Olfersia ardeae. 


Mandibles. & 


Simulium venustum, female. 
Psorophora ciliata, female. 
Simulium johannseniz, male. 
Culicoides sanguisugus, female. 
Dixa modesta, female. 

Tabanus gigantzus, female. 
Bibiocephala elegantula, female. 
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EXPLANATION OF PLATE XII. 


Maxillae. 


Hypothetical Type. 

Simulium venustum, female, cephalie aspect. 
Tabanus gigantgus, female, caudal aspect. 
Trichocera bimacula, caudal aspect. 

Rhyphus punctatus, caudal aspect. 

Dixa clavata, caudal aspect. 

Pevchoss albipennis , caudal aspect. 
Culicoides sanguisugus, female, caudal aspect. 
Bibio femoratus, caudal aspect. 

Psorophora ciliata, female and male, caudal. 
Sciara varians, caudal aspect. 


Rhabdophaga strobiloides, caudal aspect. 


Bibiocephala elegantula, female, caudal aspects 
Chironomus ferrugineovittatus, cephalic aspect. 
Mydas clavatus, lateral aspect. 

Platypeza velutina, lateral aspect. 
Stratiomyia apicula, cephalic aspecu 
Empis clausa, lateral aspect. 

Leptis vertebrata, caudal aspect. 
Promachus vertebratus, caudal aspect. 
Tipula bicornis, portion of caudal aspect. 
Aphiochaeta agarici, lateral aspect. 


Pipunculus cingulatus, lateral aspect. 


. 


Psilocephala haemorhoidalis, cephalic aspects 
Lonchoptera lutea. | 
Scenopinus fenestralis. 

Tabanus gigantjus, male, caudal aspect. 
Dolichopus bifractus. 
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EXPLANATION OF PLATE XIII. 


Maxillae. 


Exoprosopa fasciata. 
Bristalis tenax. 
Sepsis violacea. 
Coelopa vanduzeii. 
Sapromyza vulgaris. 


Oecothea fenestralis. 


Drosophila ang lophila. 


Euaresta aequalis. 
Sphyracephala brevicornis. 
Borborus equinus. 
Chrysomyza demandata. 
Calobata univitta. 
Ochthera mantis. 
Heteroneura flavifacies. 
Ghyneuya cance ime 
Loxocera pectoralis. 
Thelaira leucozona. 
Tetanocera plumosa. 
Desmometopa latipes. 
Musea domestica. 

Conops brachyrhynchus. 
Chloropisca glabra. 
scatophaga furcata. 
Hydrotaea dentipes. 
Archytas analis. 


Sarcophaga haemorrhoidalis. 
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EXPLANATION OF PLATE XIV. 


Lateral Aspect of the Mouth-parts. 


Fig. S11. Trichocera bimacula. 

Fig. 512. Chironomus ferrugineovittatus. 
Fig. 315. Rhabdophaga strobiloides. 
* Fig. 314. Sciara varians. 

Fig. 515. Bibio femofatus. 

Fig. 516. Simulium venustum, female. 
Fig. 317. Tabanus Pees female. 
Fig. 318. Psychoda albipennis. 

Fig. 319. Mydas clavatus. 

Fig. 320. Lenchoptera lutea. 

Fig. S521. Rhyphus punctatus. 

Fig. 322. Promachus vertebratus. 
Fig. 323. Leptis vertebrata. 

Fig. 324. Psilocephala haemorrhoidalis. 
Fig. 325. Scenepinus fenestralis. 
Fig. 526. Platypeza velutina. 

Fig. 327. Pipunculus cingulatus. 
Fig. 328. Eristalis tenax. 

Fig. 329. Sapromyza vulgaris. 

Fig. 830. Desmometopa latipes. 

Fig. 331. Stratiomyia apicula. 

Fig. 332. Oecothea fenestralis. 


Fig. 353. Chyromya concolor. 
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EXPLANATION OF PLATE XV. 


Lateral Aspect of the Mouth-parts. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


554. 


Sepsis violacea. 
Aphiochaeta agarici. 
Ochthera mantis. 

Coelopa vanduzeii. 
Sphyracephala brevicornis. 
Loxocera pectoralis. 
Heteroneura flavifacies. 
Chrysomyza demandata. 


Borborus equinus. — 


Drosophila amelophila. 


Tetanocera plumosa. 
Chloropisca glabra. 
Thelaira leucozona. 
Euaresta aequalis. 
Calobata univitta. 


Hydrotaea dentipes. 


PLATE XV. 


Aphiochaeta 
oe ae 


=! 
Sphyracephala 4 
j = Chrysomyza ~ 


_ 841 


Drosophila 


343 


349 Hydrotaea 


< ARAN Ae 
347 Buaresta | ) 348 Calobata 


346 thetaira 


EXPLANATION OF. PLATE XVI. 


Mouth-parts. 


Sarcophaga haemorrhoidalis, lateral aspect. 
Musca domestica, lateral aspect. 

Empis clausa, lateral aspect. 

Archytas analis, lateral aspect. 

Stomoxys calcitrons, lateral aspect. 
Siphona geniculata, lateral aspect. 

Conops brachyrhynchus, lateral aspect. 
scatophaga furcata, lateral aspect. 
Olfersia ardeae, lateral aspect. 


Stylogaster biannulata, caudal aspect. 


Sciara varians, cephalic aspect of maxillae and labium 


Exoprosopa fasciata, lateral aspect. 

Hypothetical Type, 

Hypothetical Type, 

Bibio femoratus, cephalis aspect, labium and maxillae. 

Trichocera bimacula, cephalic view, ofathe labium and 
the maxillae. 

Simulium venustum, cephalic aspect, labium and maxillaée 

Rhabdophaga strobiloides, caudal aspect of the labium 
and the maxillae. 

Leia eblectabilis, cephalic aspect. 


Leptis vertebrata, mesal aspect of a glossa,. 


Leptis vertebrata, caudal aspect of the labium 
the maxillae. 
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EXPLANATION OF PLATE XVII. 


Labiumvuand Maxillae. 


Chironomus ferrugineovittatus, Cephalic aspect. 


Psychoda albipennis, cephalic aspect. 

Psorophora ciliata, female, cephalic aspect, portion of 
mandibles, maxillae, labium and head-capsule. 

Rhyphus punctatus, cephalic aspect. 

Dixa clavata, cephalic aspect. 

Promachus vertebratus, caudal aspect. 

Promachus vertebratus, cephalic aspect of Yapium: 

Promachus vertebratus, cross section of labtum. Fig.377 

Promachus vertebratus, enlarged cephalic aspect of | 


a labium. | 
Psorophor ciliata, caudal aspect of the distiproboscis.| 


Psorophora ciliata,cephalic aspect of distiproboscis. 
Geranomyia canadensis, cephalic aspect. a 
Tipula bicornis, mesal aspect of distal end of labiums9 
Tipula: bDLeOrnis, caudal aspect of labium. 
Helobia punctipennis, caudal aspect. 
Limnobia immatura, caudal aspect. 

Dixa clavata, caudal aspect of labium. 
Tipula bicornis, sclerites about distal end of mentum. 
Bittacomorpha clavipes, mesal view of a labella. 
Tabanus gigantius, mesal aspect of labium. 
Tabanus gigantZus, caudal aspect of labiun. 
Tabanus cigantius, cephalic aspect of labium. 
Aphiochaeta agarici, caudal aspect. 


Aphiochaeta agarici, mesal aspect of labella. 
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EXPLANATION OF PLATE XVIII. | 
Labium. 

Stratiomyia apicula, caudal aspect of mouth-parts. 
Stratiomyia apicula, mesal aspect. 
Mydas clavatus, caudal aspect of labium. 
Mydas clavatus, cephalic aspect. 
Bibiocephala elegantula, cephalic aspect. 
Scenopinus fenestralis, mesal aspect. 
Scenopinus fenestralis, caudal aspect. 
Psilocephala haemorrhoidalis, caudal aspect. 
Psilécephala haemorrhoidalis, mesal aspect. 
Desmometopa latipes, caudal aspect. 
Desmometopa latipes, cephalic aspect. 
Lonchoptera lutea, caudal aspect. 
Lonchoptera lutea, cephalic aspect. 
Lonchoptera lutea, mesal aspect. 
Sapromyza vulgaris, caudal agpect. 
Sapromyza vulgaris, mesal aspect. 
Chyromya coneolor, caudal aspect. 
Chyromya concolor, mesal aspect. 
Euaresta aequalis, caudal aspect. 
Euaresta aequalis, mesal aspect. 
Platypeza velutina, mesal aspect. 
Platypeza velutina, caudal aspect. 
Conops brachyrhynchus, caudal aspect of distal end. 
Conops brachyrhynchus, lateral aspect of distal end. 
Conops brachyrhynchus, cephalic aspect of distal end. 
Conops brachyrhynchus, caudal aspect. 
Empis clausa, caudal aspect. 
Empid clausa, portion of cephalic aspect, enlarged. 
Empis clausa, cephalic aspect. 
Rhamphomyia glabra, caudal aspect. 
Rhamphomyia glabra, mesal aspect. 
Exoprosopa fasciata, caudal aspect of distal end. 
Exoprosopa fasciata, cephalic aspect. 


Exoprodopa fasciata, mesal aspect of distal end. 
Exoprosopa fasciata, caudal aspect. 
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432. 
433. 
434, 
435. 
4356. 
437. 
438. 
439. 
440. 
441. 
442. 
443. 
444, 
445. 
446. 
447. 
448. 
449, 
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EXPLANATION OF PLATE XIX. 
Labium. 

Chloropisca glabra, caudal aspect. 
Chloropisca glabra, cephalic aspect. 
Dolichopus bifractus, mesal aspect. 
Dolichopus bifractus, caudal aspect. 
Dalichopus bifractus, lateral aspect. 
Pipunculus cingulatus, caudal aspect. 
Pipunculus cingulatus, cephalic aspect. 
Borborus equinus, caudal aspect. 
Borborus equinus, nesal aspect. 
Sepsis violacea, caudal aspect. 
Sepsis wiolacea, mesal aspect. 
Eristalis tenax, mesal aspect. 


Eristalis tenax, caudal view. 


Eristalis tenax, distal end of theca, caudal gspect. 


Ochthera mantis, caudal aspect. 

Ochthera mantis, mesal aspect. 

Calobata univitta, mesal aspect. 
Calobata univitta, caudal aspect. 
Coelopa vanduzeii, caudal aspect. 
Coelopa vanduzeii, mesal aspect. 
Sphyrcephala brevicornis, caudal deiaene 
Sphyracephala brevicornis, mesal aspect. 
Oecothea fenestralis, caudal aspect. 
Oecothea fenestralis, mesal aspect. 
Drosophila lophila, caudal aspect. 
Drosophila amelophila, mesal aspect. 


Chrysomyza demandata, mesal aspect. 
Chrysomyza demandata, caudal aspect. 
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Siphona geniculata, cephalic aspect of distiproboscis. 
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Pig. 
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EXPLANATION OF PLATE XX. 
Labtcum. 

Heteroneura flavifacies, caudal aspect of labium. 
Heteroneura flavifacies, mesal aspect of labium. 
Loxocera pectoralis, caudal aspect of labium. 
Loxocera pectoralis, mesal aspest of labium. 
Tetanocera plumosa, caudal aspect of the labium. 
Tetanocera plumosa, mesal aspect of the labium. 
Musca domestica, dorsal aspect of the glossae. 
Musca domestica, caudal aspect of the labium. 


Musca domestica, mesal aspect of the labium. 


Archytas analis, caudal aspect of the labium. 


Archytas analis, mesal aspect of the labiun. 
scatophaga furcata, caudal aspect of the mediproboscis. | 
Scatophaga furcata, ventral aspect of the labellae. 
Scatophaga furcata, mesal aspect of the labium. 
Thelaira Taucenanee ead aspect of the labium. 
Thelaira leucozona, mesal aspect of the labium. 
Hydrotaea dentipes, caudal aspect of the labium. 
Hydrotaea dentipes, mesal aspect of the labium. 
Sarcophaga haemorrhéidalis, caudal aspect of the labium| 


Sarcophaga haemorrhoidalis, mesal aspect of the labium. | 
Stomoxys oe ca view of distal end of labiut 
Stomoxys calcitr@ns, mesal view of distal end of labiumj 
Lispa nasoni, lateral view of distal end of the labium., | 
Bombylius major, section thru pseudotrachea,"Dimmock". } 
Ochthera mantis, cross section of:pseudotrachea. 
Musca domestica, section thru pseudotracheae;Dimmock". 
Musca domestica, enlarged pseudotrachea,"Dimmock". 
Oncodes costatus, entire mouthparts, caudal aspect. 
Oncodes costatus, entire mouthsparts, lateral aspect. 
Olfersia ardeae, lateral view of distal end of labium. 
Simulium venustum, cephalic aspect of the labrun. 
Gastrophilus equi, entire mouth-parts, caudal aspect. 
Castrophilus equi, sagittal section thru mouth-parts. 
Gastrophilus equi, entire mouth-parts, cephalic aspecium 
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EXPLANATION OF PLATE XXI. 


Epipharynx and Hypopharynx and Associated Parts. 


Fig. 
Fig. 
Fig. 
Fig. 
Pig: 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Hypothetical Type, lateral aspect. 
ée 
Tabanus gigantz#us, female, lateral aspect. 


e 
Tabanus gigantzgus, male, lateral aspect. 


é 
Tabanus gigantzus, female, caudal aspect. 


Simulium venustum, female, lateral aspect. 
Simulium venustun, female, caudal aspect. 
Trichocera bimacula, lateral aspect. 
Trichocera bimacula, caudal aspect. 

Dixa clavata, lateral aspect. 

Dixa clavata, caudal aspect. 

Tipula bicornis, lateral aspect. 
Psorophora ciliata, female, lateral aspect. 
Psorophora ciliata, female, caudal aspect. 
Geranomyia canadensis, lateral aspect. 
Rhyphus punctatus, lateral aspect. 


Rhyphus punctatus, caudal aspect. 
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EXPLANATION OF PLATE XXII. 


Epipharynx and Hypopharynx and Associated Parts. 


510. Rhabdophaga strebiloides, caudal aspect. 
- Rhabdophaga strobiloides, lateral aspect. 
Sciara varians, caudal aspect. 
Sciara varians, lateral aspect. 
Periplaneta, ental aspect of flattened-out ¢iypeus, 
labrum and epipharynx. 
Melanoplus differentialis, ental aspect of flatbededs | 
out clypeus, labrum and epipharynx. 
Gryllus pennsylvanicus, cephalic and caudal aspects of| 
the right-half of clypeus, labrum and epipharynx. 
Promachus vertebratus, lateral aspect. 
Promachus vertebratus, Caudal aspect of epipharynx 
and labrum. 
Promachus vertebratus, caudal aspect. 
Leptis vertebrata, lateral aspect. 
Culicoides sanguisugus, lateral aspect. 
- Bibio femoratus, caudal aspect. 
Bibio femeratus, lateral aspect. 


Dolichepus bifractus, caudal aspect. 


Leptis vertebrata, caudal aspect. 


Bibiocephala elegantula, caudal aspect. 


Bibiocephala elegantula, lateral aspect. 


Dolichopus bifractus, tateral aspect. 
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EXPLANATION OF PLATE XXIII. 


Epipharynx and Hypopharynx and Associated Parts. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fog. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Psychoda albipennis, lateral aspect. 

Psychoda albipennis, caudal aspect. 
Chironomus ferrugineovittatus, lateral aspect. 
Chironomus ferrugineovittatus, caudal aspect. 
Psilocephala haemorrhoidalis, lateral aspect. 
Psilocephala haemorrhoidalis, caudal aspect. 
Mydas clavatus, lateral aspect. 

Mydas clavatus, caudal aspeet. 

Scenopinus fenestralis, caudal aspect. 
Scenopinus fenestralis, lateral aspect. 
Lonchoptera lutea, lateral aspect. 
Aphiechaeta agarici, caudal aspect. 
Lonchoptera lutea, caudal aspect. 

Platypeza velutina, caudal aspect. 

Platypeza velutina, lateral aspect. 
Aphiochaeta agarici, lateral aspect. 
Stratiomyia apicula, lateral aspect. 
Stratiomyia apicula, caudal aspect. 

Empis clausa, lateral aspect. 

Empis clausa, caudal aspect. 

Exoprosopa fasciata, lateral aspect. 


Exopresopa fasciata, caudal aspect. 
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EXPLANATION OF PLATE XXIV. 
Epipharynx and Hypopharynx and Associated Parts. 

Fig. 551. Calobata univitfa, caudal aspect. 
Fig. 552. Calobata univitta, lateral aspect. 
Fig. 55 sapromyza vulgaris, lateral aspect. 
BA tS Sapromyza vulgaris, caudal aspect. 

ig. Chloropisca glabra, caudal aspect. 
rig. ; Chloropisca glabra, lateral aspect. 
Fig. Chrysomyza demandata, caudal aspect. 
Wa ey st Chrysomyza demandata, lateral aspect. 
Fig. Coelopa vanduzeii, caudal aspect. 
Fig. Coelopa vanduzeii, lateral aspect. 
Fig. Pipunculus cingulatus, caudal aspect. 
Rig. 2. Pipunculus cingulatus, lateral aspect. 
Fig. Drosophila amelophila, caudal aspect. 
Fig. Drosophila amelophila, lateral aspect. 
Pa ite. 5 Borborus equinus, lateral aspect. 


Pig. Borborus equinus, caudal aspect. 


4 
Fig. 5€ Borborus equinus, caudal aspect of the hypopharynx © 
united with the cephalic aspect of the labiumiees 
Fig. Chyromya concolor, caudal aspect. 


Fige Chyromya concolor, lateral aspect. 
Fig. - Loxocera pectoralis, caudal aspect. 
Fig. Loxocera pectoralis, lateral aspect. 
Fig. Ruaresta aequalis, caudal aspect. 


Fig. - Euaresta aequalis, lateral aspect. 

Fig. Ochthera mantis, lateral aspect. 

Fig. o. Ochthera mantis, caudal aspect of the labrum 

Fig. Ochthera mantis, caudal aspect of the epipharynx. 
Fig. Ochthera mantis, caudal aspect. FY 
Fig. . Desmometopa latipes, lateral aspect. 

Fig. - Desmometopa latipes, caudal aspect. 
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EXPLANATION OF PLATE XXV. 


Epipharynx and Hypopharynx and Associated Parts. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fige 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Oecathea fenestralis; lateral aspect. 
Oecothea fenestralis, caudal aspect. 
sepsis violacea, lateral aspect. | 
sepsis violacea, caudal aspect. 

Tetanocera plumosa, lateral aspect. 
Tetanocera plumosa, caudal aspect. 
Sphyracephala brevicornis, lateral aspect. 
Eristalis tenax, caudal aspect. 


Eristalis tenax, lateral aspect. 


- Heteroneura flavifacies, lateral aspect. 


Heteroneura flavifacies, caudal aspect. 
Conops brachyrhynchus, caudal aspect. 
Conops brathyrhynchus, lateral aspect. 
Scatophaga furcata, lateral aspect. 
Scatophaga furcata, caudal,aspect. 
Thelaira leucezona, lateral aspect. 
Thelaira leucozona, caudal aspect. 


Hydrotaea dentipes, lateral aspect. 


Hydrotaea dentipes, caudal aspect. 


Stomoxys calcitrgns, lateral aspect. 

Musca domestica, lateral aspect. 

Musca domestica, caudal aspect. 

Sarcophaga haemorrhoidalis, lateral aspect. 
Sarcophaga haemorrhoidalis, caudal aspect. 
Archytas analis, lateral aspect. 


Archytas analis, caudal aspect. 
Olfersia ardeae, lateral aspect. 
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7 head;¢ cephalic aspect. 


rpothetical head, caudal aspect. 
; lypothetical head, lateral aspect. 
pevemict tent tentoriun, mesal aspect of right 


APTS ve 
+ Mycetophila p punctata, cephalic aspect of head. 


Pig. 
Fig. 
Fig. 
Ete. 
Fig. 
Pig. 


‘Hypothetical maxillajscaudal aspect. 


EXPLANATION OF PLATE XXVIT. 


Typical labiumy) section thru ieson. 
Hypothetical proboscis, haere ace , 
Hypothetical epipharynx and hypopha 
Hypothetical mandible. . 


Hypothetical antenna. 
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